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MINUTES  OP  MEETINGS. 


OF  THE  SOCIETY. 


JuneTtht  1905. — The  meeting  was  called  to  order  At- ^.30  P.  M.; 

President  Schneider  in  the  chair;  Chas.  Warren  Hunt^  Secretary, 
and  present,  also,  108  members  and  17  guests. 

The  minutes  of  the  meetings  of  May  3d  and  17th,  1905,  were 
approved  as  printed  in  the  Proceedings  for  May,  1906. 

A  paper  by  B.  R.  Leffler,  Assoc.  M.  Am.  Soc.  C.  E.,  entitled  "A 
Tew  Points  in  the  Design  of  Keinf  orced  Concrete  Arches"  was  pre- 
sented by  the  Secretary,  who  also  read  a  discussion  thereon  by 
William  Cain,  M.  Am.  Soc  C.  £.  The  subject  was  discussed  fur- 
ther by  James  Owen,  M.  Am.  Soc.  C.  E. 
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A  second  paper,  entitled  'Theory  of  the  Spherical  or  Conical 
Dome  of  Eeinf  orced  Concrete  or  Metal/'  by  William  Cain,  M.  Am. 
Soc  C.  E.y  was  also  presented  by  the  Secretary. 

The  Secretary  read  a  communication  from  The  Technical  Society 
of  the  Pacific  Coast,  announcing  an  Engineering  Congress  to  be 
held  at  Portland,  Oregon,  during  the  Lewis  and  Clark  Centennial 
Exposition. 

Ballots  for  membership  were  canvassed,  and  the  following  can- 
didates elected: 

As  Members. 

IiANsmo  HosKiNS  Beaoh^  Detroit,  Mich. 

Daniel  Webster  Cole^  Cody,  Wyo. 

Webster  Gazlay,  Louisville,  Ky. 

Edgar  Ambler  Harper^  Kansas  City,  Mo. 

John  Eioharo  Savage^  Jamaica,  N.  Y. 

George  Lewis  Swendsen,  Salt  Lake  City,  Utah. 

Arthur  Manning  Waitt,  New  York  City. 

As  AssocuTB  Members. 

Ealph  Norman  Begien^  Morgantown,  W.  Va. 
Alphonsos  Henry  Bieler,  New  York  City. 
John  Whitson  Darling,  Binghamton,  N.  Y. 
Weston  Earle  Fuller,  Poughkeepsie,  N.  Y. 
John  Blake  Gordon,  Washington,  D.  C. 
Henry  Alexander  Harris,  Oglethorpe,  Ga. 
Edwin  Clapp  Hayden,  Boston,  Mass. 
Clarke  Nightingale  Kast,  Little  Rock,  Ark. 
Louis  Edgar  Lannan,  Corry,  Pa. 
Edward  R.  Mage,  Wilmington,  Del. 
James  George  Melluish,  Bloomington,  111. 
Charles  Howard  Paul,  Glendive,  Mont. 
Herbert  Allan  Rice,  South  Bethlehem,  Pa. 
Charles  Smith  Sheldon,  Cincinnati,  Ohio. 
John  Haggerty  Shortt,  Samia,  Ont.,  Canada. 
WiLLUM  Theodore  Sitt,  New  York  City. 
Albert  Hale  Sylvester,  Sacramento,  Cal. 
Edwin  Alexander  Taylor,  Uxbridge,  Mass. 
WiLLUM  Edward  Wilson,  Salt  Lake  City,  Utah. 
Bruoe  Clinton  Yates,  Lead,  S.  Dak. 
Samuel  McCain  Young,  Lake  Providence,  La. 

As  ASSOCUTE. 

John  Arnold  Ubsdell,  St.  Louis,  Mo. 
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The  Secretary  announced: 

The  transfer  of  the  following  candidates,  by  the  Board  of  Di* 
rection,  on  June  6th,  1905: 

From  Assooute  Member  to  Member. 

Theodore  Horton,  York,  Fa. 

George  Cecil  Kenyon,  Liverpool,  England, 

Benjamin  Brentnall  Lathbury,  Philadelphia,  Fa. 

Elmer  James  MoCaustland^  Ithaca,  N.  Y. 

Thomas  Forrester  MoGiLyRAY,  Duluth,  Minn. 

James  C.  Nagle^  College  Station,  Tex. 

Harry  Nelson  Fharr,  Memphis,  Tenn. 

Charles  Milton  Spofford^  Boston,  Mass. 

Alexander  Miller  Todd,  Vickshurg,  Miss. 

Joel  Edward  Wadsworth,  New  York  City. 

Charles  Willum  Schrage  Wilson,  New  York  City. 

The  election  of  the  following  candidates,  by  the  Board  of  Di* 
rection,  on  June  6th,  1905: 

As  Juniors. 

Charles  Whitney  Tillinghast  Barker,  Aspinwall,  Fa, 

Bobert  Huse  Brown,  New  York  City. 

Julius  Reed  Hall,  Elmira,  N.  Y. 

Horace  Farlin  Hamlin,  Orono,  Me. 

Edward  Hutchins,  Millinocket,  Me. 

Marvin  Shiebler,  New  York  City. 

The  Secretary  announced  the  following  deaths : 

George  Clarke  Walker,  elected  Fellow  February  6th,  1873; 
died  April  12th,  1906. 

Julius  Baier,  elected  Junior  S^tember  7th,  1887;  Associate 
Itfember  June  Ist,  1892;  Member  February  6th,  1901;  died  May  8th, 
1906. 

Frank  March  Haines,  elected  Member  March  lat,  1906;  died 
June  Ist,  1906. 

Bobert  Cartwright,  elected  Member  July  10th,  1872;  died  June 
4th,  1906. 

Adjourned. 
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THIRTY-SEVENTH  ANNUAL  CONVENTION,  HELD  AT  CLEVE- 
LAND, OHIO,  JUNE  aoth,  Jist,  aad  AND  aad,  1905. 


Opening  Session,  Tuesday,  June  aoth,  1905. — The  meeting  was- 
called  to  order  at  10  a.  m.  by  Augustus  Mordecai,  M.  Am.  Soc.  0.  E.,. 
Chairman  of  the  Local  Committee. 

Mr.  Mordecai,  after  a  few  words  of  welcome,  introduced  Mr.. 
Harris  R  Cooley,  of  the  Board  of  Control,  of  Cleveland,  who,  in 
behalf  of  the  Mayor,  welcomed  the  Society  to  Cleveland. 

The  President,  C  C.  Schneider,  M.  Am.  Soc.  C.  E.,  after  reply- 
ing to  the  address  of  welcome,  took  the  chair  and  opened  the  busi* 
ness  meeting. 

BUSINESS  MEETING. 

President  C.  C.  Schneider  in  the  chair;  Assistant  Secretary  T.  J» 
McMinn  acting  as  Secretary.* 

The  Assistant  Secretary  stated  that  the  first  business  would  be 
the  subject  of  the  formation  of  local  associations  of  the  American 
Society  of  Civil  Engineers,  and  presented  a  report  on  the  subject 
from  the  Secretary.t 

It  was  moved  by  B.  H.  Green,  M.  Am.  Soc.  C.  E.,  and  seconded 
by  M.  K.  Sherrerd,  M.  Am.  Soc  C.  E.,  that  the  suggestion  of  the 
Board  of  Direction  of  the  plan  for  the  organization  of  local  asso- 
ciations of  this  Society  be  approved  by  this  meeting.  The  subject 
was  discussed,  but  final  action  was  postponed  until  the  meeting  on 
Thursday,  June  22d. 

At  12.30  adjourned  to  Thursday,  June  22d,  1906. 

BUSINESS  lAEBTMQ—iOontinued.) 

Thursday,  June  jjd,  1905.— The  meeting  was  called  to  order  at 
10.30  A.  M.,  President  Schneider  in  the  chair,  Assistant  Secretary 
McMinn  acting  as  Secretary. 

The  report  of  the  Board  of  Direction  in  the  matter  of  the  resolu* 
tions  adopted  at  the  Annual  Meeting,  January  18th,  1906,  relating 
to  the  nomination  by  the  Society  of  members  to  serve  on  technical 
or  other  commissions  was  read.t 

It  was  moved  by  James  Owen,  M.  Am.  Soc.  C.  E.,  duly  seconded,, 
and  carried,  that  the  report  be  accepted  and  adopted. 

The  report  of  the  Secretary  on  the  result  of  the  ballots  on  time 
and  place  for  holding  the  Annual  Convention  of  1906  was  pre- 
sented by  the  Assistant  Secretary.§ 

*  The  Secretary  being  al>8ent  on  account  of  illnesa. 
t  See  page  978. 
t  See  page  880. 
fSeepage  888. 
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It  was  moved  by  George  F.  Swain,  M.  Am.  Soc.  C.  E.,  that  the 
matter  be  referred  to  the  Board  of  Direction,  with  power.  ' 

In  amendment,  the  following  resolution  was  moved  by  Emil 
Swensson,  M.  Am.  Soc.  C.  E. : 

"Resolved,  That  the  sense  of  this  meeting  is  that  the  1906  Annual 
Convention  of  the  American  Society  of  Civil  Engineers  be  held  at 
a  summer  resort  having  a  hotel  large  enough  to  accommodate  the 
entire  attending  membership,  and  that  the  time  of  holding  said  con- 
vention shall  be  the  latter  part  of  May  if  the  place  is  in  the  southern 
half  of  the  United  States,  and  in  the  first  part  of  June  if  the  place 
is  in  the  northern  half,  and 

"It  is  Further  Resolved,  That  the  selection  of  the  place  of  meet- 
ing be  referred  to  the  Board  of  Direction  with  power  to  act  under  the 
above  resolution." 

The  subject  was  then  discussed,  and  the  amendment,  on  being 
put  to  vote,  was  carried. 

A  report  from  the  Secretary  on  the  International  Engineering 
Congress*  was  then  presented,  and  Bobert  Moore,  Past-President, 
Am.  Soc.  C.  E.,  gave  a  brief  statement  as  to  the  work  done  by  the 
St.  Louis  Committee  in  maintaining  an  engineering  exhibit  and 
headquarters  for  engineers  at  the  St.  Louis  World's  Fair,  and  an- 
nounced that  the  exhibit  of  the  Society  had  been  awarded  a  Grand 
Prize,  and  that  a  diploma  conveying  this  award  would  be  forwarded 
to  the  Society,  together  with  copies  of  the  same  for  each  member 
who  had  contributed  to  the  exhibit. 

It  was  moved  by  Mr.  Mordecai,  seconded  and  carried  unani- 
mously, that  the  Assistant  Secretary  be  authorized  to  send  to  Mr» 
Hunt,  the  Secretary,  a  telegram  expressing  the  regret  of  the  Con- 
vention at  his  absence  and  their  hope  that  he  would  soon  regain  his 
usual  health. 

It  was  moved  by  James  Owen,  M.  Am.  Soc.  C.  E.,  and  seconded 
by  L.  L.  Tribus,  M.  Am.  Soc.  C.  E.,  that  the  thanks  of  the  American 
Society  of  Civil  Engineers  be  tendered  to  the  Local  Committee,  and 
to  the  various  organizations  in  the  City  of  Cleveland,  who  had  con- 
tributed to  the  success  of  the  Convention,  for  their  kind  and  gen- 
erous courtesies;  to  the  Erie  Kailroad  and  to  the  Lake  Shore  and 
Michigan  Southern  Kailroad  for  their  kindness  in  providing  special 
trains  and  free  transportation  for  the  members;  to  the  Cleveland 
Electric  Railway;  the  Managers  of  Luna  Park;  the  Managers  of 
the  White  City;  the  Officers  of  the  Country  Club;  the  Officers  of  the 
Euclid  Club;  the  Detroit  and  Cleveland  Navigation  Company;  the 
Proprietor  of  the  HoUenden  Hotel;  the  Civil  Engineers'  Club  of 
Cleveland;  the  Bell  Telephone  Company  and  the  Long  Distance 
Telephone  Company;  all  of  Cleveland,  Ohio,  for  their  many  cour- 
tesies extended  to  the  Society  and  the  individual  members  during 
the  Convention. 

*8eepage  880. 
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The  discussion  of  the  formation  of  local  associations,  postponed 
from  the  first  meeting,  was  then  taken  up,  and  after  some  additional 
remarks  Mr.  Green's  motion  was  carried. 

It  was  moved  by  E.  L.  Verveer,  Assoc.  M.  Am.  Soc.  C.  E.,  sec- 
onded and  carried,  that,  on  account  of  the  unfortunate  accident  on 
the  Lake  Shore  Kailroad  resulting  in  the  death  of  Mr.  Charles  VSlell- 
man  and  Mr.  C.  K.  Morgan,  of  the  Wellman-Seaver-Morgan  En- 
gineering Company,  the  Secretary  be  instructed  to  write  to  Mr.  J.  W. 
Seaver,  M.  Am.  Soc.  C,  E.,  Vice-President  of  the  WeUman-Seav^r- 
Morgan  Company,  expressing  the  sympathies  of  the  members  of  this 
Society. 

Adjourned. 
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OF  THE  BOARD  OP  DIRECTION. 

(Abstract.) 

June  6th9 1905. — ^President  Schneider  in  the  chair;  Chas.  Warren 
Hunt,  Secretary,  and  present,  also,  Messrs.  Bissell,  Bowman,  Craven, 
Deyo,  Gowen,  Knap,  and  Osgood. 

The  Secretary  announced  the  election,  on  May  12th,  1905,  of 
Messrs.  Charles  Haynes  Haswell,  and  Alexander  Mackenzie,  as 
Honorary  Members  of  the  Society. 

The  following  Committee  was  appointed  to  recommend  the  award 
of  prizes  for  the  year  ending  with  the  publications  of  July,  1906 : 

E.  D.  Leavttt, 
J.  T.  Fanning^ 

F.  C.  KuNz. 

The  resignation  of  Benjamin  Dwight  Greene,  M.  Am.  Soc.  C.  E.^ 
was  accepted. 

Applications  were  considered,  and  other  routine  business  trans- 
acted. Eleven  Associate  Members  were  transferred  to  the  grade  of 
Member,  and  nine  candidates  for  J.unior  were  elected. 

Adjourned. 

« 

June  aotht  1905- — 10  p.  m. — The  Board  met,  as  required  by  the 
Constitution^  at  the  Annual  Convention,  Cleveland,  Ohio.  President 
Schneider  in  the  chair;  Assistant  Secretary  McMinn  acting  as  Sec- 
retary, and  present,  also,  Messrs.  Craven,  Croes,  Davison,  Ellis, 
Gbwen,  Holman,  N.  P.  Lewis,  McDonald,  Moore,  and  Sherrerd. 

A  communication  was  presented  from  Cary  T.  Hutchinson, 
Wm.  Barclay  Parsons,  and  Max  E.  Schmidt,  Members,  Am.  Soc. 
C.  E.,  forwarding  a  check  for  $127,  the  balance  of  a  sum  subscribed 
by  friends  of  the  late  George  S.  Morison,  Past-President,  Am.  Soa 
O.  E.,  for  a  portrait  of  him  which  has  been  presented  to  the  Society, 
and  asking  that  this  money  be  accepted  and  used  in  some  manner 
as  a  further  memorial  of  Mr.  Morison. 

It  was  ordered  that  this  sum,  with  the  approval  of  the  donors,  be 
appropriated  for  the  purchase  of  books,  or  a  series  of  books  of 
permanent  character,  under  the  guidance  of  the  Library  Committee; 
the  same  to  be  properly  inscribed  as  a  memorial  to  Mr.  Morison. 

Other  routine  business  was  transacted. 

Adjourned. 
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RBPORT  IN  FULL  OF  THE  THIRTY-SEVENTH  ANNUAL  CONVEN- 
TION, INCLUDING  THE  BUSINESS  MEETING,  HELD  AT 
THE  HOLLENDEN  HOTEL,  CLEVELAND,  OHIO. 

Tuesday,  June  aoth,  1905* 

Meeting  The  Thirty-seventh  Annual  Convention  of  the  American  Society 

of  Civil  Engineers  was  called  to  order  by  Augustus  Mordecai,  M.  An)> 
Soc.  C.  E.,  Chairman  of  the  Local  Committee,  at  the  HoUenden 
Hotel,  Cleveland,  Ohio,  Tuesday,  June  2Qth,  1905,  at  10  o'clock  a.  m. 
Address  of  AuG.  MoRDECAi,  M.  Am.  Soc.  C.  E. — ^Mr.  President,  Ladies  and 

Aug. Mordecai.  Gentlemen:  On  behalf  of  the  local  members,  I  have  only  to  say 
that  we  are  all  delighted  to  see  you  here  and  give  you  a  most  hearty 
welcome.  We  have  thought  that  Cleveland  was  quite  an  appro- 
priate place  for  a  convention  of  civil  engineers,  for  the  town  was- 
founded  by  one  of  the  guild,  Gten.  Moses  Cleaveland,  who  lool» 
(down  upon  you  from  yonder  frame.  He  must  have  been  a  remark- 
able man,  for  he  was  one  of  those  exceptions  that  we  hear  of  now 
and  then,  a  civil  engineer  so  honored  by  his  contemporaries  that 
they  have  handed  his  name  down  to  posterity.  Since  about  1800,. 
when  he  turned  the  tables  on  us  and  found  us  in  the  bull-rushes, 
nourished  by  the  commerce  of  the  Great  Lakes,  on  one  side,  and  the- 
natural  deposits  of  coal,  ore  and  stone,  on  the  other,  we  have  grown 
to  be  a  vigorous,  healthy  city,  and  we  think  not  ill-favored;  and  we 
certainly  have  done  our  share  in  the  industrial  development  of  the 
country.  For  instance,  in  the  refining  of  oil,  everyone  instinctively 
thinks  of  Mr.  Ilockefeller;  Mr.  Brush,  one  of  our  citizens,  blazed 
the  trail  that  has  been  followed  by  all  electrical  engineers;  one  of 
the  first  blast  furnaces  in  the  country  was  erected  here,  and  to  the 
energy  and  ability  of  the  Chisholms  and  Stones  the  manufacturers 
of  iron  owe  a  great  debt;  in  transportation,  the  names  of  Devereux 
and  Newell  are  ones  to  conjure  with,  and  in  the  whole  development 
of  the  country  we  certainly  have  done  our  share,  more  so,  I  think,, 
than  is  generally  realized. 

Many  smaller  cities  are  better  known  than  Cleveland.  If  we 
were  away  up  north,  like  Seattle;  or  on  the  coast,  like  San  Fran- 
cisco, with  no  other  city  of  any  size  within  two  thousand  miles  of 
us ;  or  at  the  mouth  of  a  large  river,  like  New  Orleans ;  or  the  capital 
of  the  nation,  like  Washington ;  we  probably  would  be  better  known ; 
and  yet  they  are  all  smaller  cities  than  ours.  It  is  like  dear  old 
Philadelphia  that  has  been  overshadowed  by  the  very  prosperity 
it  has  created. 

We  have  collected  on  these  walls  the  portraits  of  the  deceased 
local  members  of  the  Society.  It  is  nice  to  think  that  they  are  not 
forgotten.  I  think  it  would  be  a  very  happy  custom  to  follow,  and 
one  which  migfit  be  perpetuated  at  our  conventions.    The  first  por- 
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trait  is  of  Mr.  Atwood,  a  gentleman  connected  with  the  Lake  Shore 
Railroad  for  a  number  of  years ;  the  large  one  is  Mr.  George  H.  Ely, 
for  many  years  a  prominent  and  influential  citizen;  the  next  is  Mr. 
Scowden,  the  first  engineer  of  the  Cleveland  Water- Works;  the  next 
is  Mr.  John  Whitelaw,  who  was  for  many  years  Superintendent  of 
the  Water- Works;  on  the  other  side,  nearest  the  wall,  is  my  dear 
old  chief,  Mr.  Latimer;  next  is  Mr.  Sheldon,  for  many  years  chief 
engineer  of  McNair  and  Claflin's  Bridge  Works;  and  below  is  Mr. 
Wellington,  who  possibly  does  not  strictly  belong  in  the  group,  but  I 
felt  that,  if  living,  he  would  be  so  pleased  to  be  with  us  that  I 
xeally  could  not  leave  him  out. 

Now,  gentlemen,  we  want  you  to  have  a  good  time,  whatever  you 
want  to  do  or  see  or  hear,  just  let  us  know  and  we  will  arrange  it, 
even  if  it  isn't  possible,  and  we  hope  that,  though  being  among  us 
really  but  a  few  days,  when  you  leave  you  will  feel  like  the  boy  in 
the  story,  judging  from  the  fun  you  have  had  it  will  seem  as  many 
months.     (Applause.) 

I  am  sorry  to  say  that  our  Mayor  is  not  able  to  be  with  us.  Mr. 
Cooley,  one  of  the  members  of  the  Board  of  Control,  who  will  wel- 
come you  in  his  place,  I  now  have  the  pleasure  of  introducing. 

Harris  K.  Cooley,  £sq. — ^Ladies  and  Gentlemen,  and  Members  Addi^esof 
of  the  American  Society  of  Civil  Engineers. — I  regret  very  much  n^^CoSey 
that  our  Mayor  is  not  able  to  be  present  to-day,  but  he  left  by  train 
last  evening  for  New  York  to  be  by  the  bedside  of  his  sick  mother, 
who  is  lying  at  the  point  of  death,  and  I  know  that  you  will  excuse 
him;  but,  in  his  name  and  in  his  behalf,  and  in  behalf  of  the  munici- 
pality, I  desire  to  extend  to  you  a  very  hearty  welcome,  I  am  sure 
that  our  Cincinnati  friends  will  forgive  us  when  we  say,  to  this 
great  metropolis  of  Ohio. 

There  is  a  common  social  life  larger  than  that  of  the  individuals 
which  compose  a  city.  You  will  be  welcomed  by  your  fellow  en- 
gineers, but,  in  behalf  of  the  city  at  large — this  common  life  of  the 
municipality  of  nearly  a  half  a  million  people — ^I  extend  to  you  a 
cordial  greeting  as  you  come  within  our  gates. 

We  welcome  you  because  of  what  you  are  and  what  you  repre- 
sent of  the  world's  growth  and  the  world's  progress.  We  are  so  apt 
to  be  carried  away  by  the  things  which  we  have  made.  I  remember 
standing  under  the  great  bridge  of  the  Firth  of  Forth,  300  ft.  above, 
a  great  span  of  1  700  ft.,  a  bridge  of  60  000  tons  of  steel,  and,  some- 
how, it  came  to  me  that  it  had  been  erected  by  human  hands,  had 
been  conceived  by  human  brains,  although  it  seemed  to  be  a  part 
of  the  great  arm  of  the  sea  itself,  having  been  there  from  the  founda- 
tion of  the  world.  I  stood  looking  into  the  Saint  Gbthard  Tunnel, 
and  thought  of  how  that  had  pierced  the  very  heart  of  the  mountain* 
These  are  but  the  things  of  the  past,  that  which  has  been  and  is  to 
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xyS""**'  ^  accomplished  in  our  own  country  is  even  greater  than  any  of 
{oontinued).     these. 

Out  of  the  naked  earth  in  a  hundred  years  we  have  wrought  a 
city,  by  the  aid  of  hiunan  thought  and  human  genius  and  human 
power,  and  we  must  not  forget  that  the  men  who  conceived  and  the 
men  who  built  these  buildings  are  greater  than  the  cities  and  the 
railroads  which  their  brains  thought  out  and  their  hands  made. 

There  is  such  progress,  such  outlook  in  your  work,  we  are  but  in 
the  beginning  of  it;  you  are  more  and  more  able  to  take  the  forces 
out  of  the  air  and  make  them  serve  human  kind;  you  are  more  and 
more  able  to  take  the  richness  out  of  the  earth — out  of  the  heart  of 
the  earth — that  it  may  serve  men;  you  are  able  to  level  the  moun- 
tains or  to  build  the  road  and  drive  the  iron  horse  into  the  very 
clouds  above  the  mountains.  There  are  infinite  possibilities  in  your 
work  and  in  your  services  to  himianity.  Somehow,  I  have  been 
thinking  of  it  to-day.  My  special  work,  as  Director  of  Charities 
and  Correction,  has  brought  me  in  contact  with  wretchedness  and 
poverty.  Every  winter  there  are  30  000  or  40  000  people  who  suffer 
from  want — ^the  children  who  brave  hunger,  and,  because  of  the  lack 
of  nourishment,  must  die,  in  the  midst  of  all  our  possibilities. 

Somehow,  it  seems  to  me  that  the  time  must  come  when  all  men 
will  serve,  when  there  will  be  no  idlers,  rich  or  poor,  when  every 
man  will  be  glad  to  do  his  part  of  the  world's  work.  There  are 
those  who  are  satisfied  if  we  can  but  relieve  the  present  necessities 
of  those  in  want;  if  we  could  only  make  these  poor  wretched  ones 
comfortable,  and  feed  them  and  clothe  them,  these  philanthropists 
would  be  satisfied.  I  see  a  larger  solution  of  this  American  problem 
of  poverty,  it  is  not  to  be  solved  around  the  soup  bowl,  but  in  that 
larger  life  which  you  are  helping,  and  which  you  can  make  possible. 

Formerly,  men  thought  out  and  built  great  buildings  for  their 
King.  They  built  a  bridge  that  a  King  might  pass  over;  you  are 
building  bridges  that  this  nation  of  people  may  pass  over.  For- 
merly, they  made  a  great  fountain,  as  at  Versailles  for  Louis  XIV, 
that  he  might  look  at  it  and  rejoice;  you  are  reaching  miles  out 
into  the  lake  and  building  a  tunnel,  and  in  a  thousand  homes  you 
are  bringing  pure  water,  and  even  the  children  of  the  poorest  shall 
have  the  opportunity  to  drink  as  pure  water  as  can  be  obtained. 

The  solution  is  in  this  larger  service  to  mankind,  it  is  in  this 
larger  possibility  of  larger  human  life — ^that  men  and  women  and 
children  shall  not  simply  have  the  barest  necessities  of  a  physical 
existence,  but  that  they  shall  have  the  opportunity  to  live  a  life  of 
freedom,  comfort  and  luxury,  such  as  the  children  of  God  ought  to 
live — in  this  world  with  all  its  natural  opportunities  and  its  pos- 
sible development  of  human  life. 

So  I  look  upon  your  work,  not  simply  as  the  building  of  the  rail- 
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roads  and  the  laying  out  of  the  canals,  not  simply  as  taking  the  f  oroes 
out  of  the  heavens  and  utilizing  them,  not  simply  as  taking  the 
richness  out  of  the  earth,  hut  as  serving  mankind  and  making  pos- 
sible a  larger  and  greater  civilization  than  we  have  ever  dreamed  of. 

"That  coming  of  the  golden  year. 

When  all  men's  good 
Be  each  man's  rule,  and  universal  peace 

Lie  like  a  shaft  of  light  across  the  land. 
And  like  a  reign  of  beams  athwart  the  sea 

Through  all  the  circle  of  the  golden  year." 

We  are  glad  that  you  came  to  Cleveland  in  the  month  of  June; 
it  is  the  finest  month  of  the  year.  We  are  very  proud  of  our  city, 
and  he  wouldn't  be  very  much  of  a  man  who  isn't  very  proud  of  his 
own  wife.  It  is  a  beautiful  city ;  our  people  do  not  have  to  go  away 
m  the  summer  time;  it  is  a  summer  resort,  indeed.  Most  of  our 
I)e6ple  do  not  even  care  to  go  to  Heaven  at  this  season  of  the  year. 
(Laughter.)  We  welcome  you  to  our  parks  and  our  boulevards,  to 
all  that  we  have  in  our  growing  city. 

We  have  great  plans,  and  we  trust  that  you  may  help  us  in 
carrying  out  our  Group  Plan,  that  you  may  leave  a  sentiment  of 
larger  ideals  and  larger  conception  of  what  a  city  can  be  and  what 
our  city  ought  to  be. 

Emerson  has  somewhere  said  that  happy  is  the  house  that  shelters 
a  friend,  it  might  well  be  built  like  a  festal  bower  to  entertain  him 
a  single  day.  Sometimes  when  our  friends  have  been  in  our  home 
and  we  have  entertained  them,  when  they  have  gone  away  our  homes 
seem  better  and  richer  because  they  have  been  present  with  us;  and 
80  we  believe  that  our  city  will  be  richer  in  greater  ideals  and 
thoughts  and  purposes,  and  have  a  larger  outlook  for  the  future 
because  you  have  been  present  with  us  for  these  days,  and  we  trust 
that  you  may  have  a  happy  time. 

I  think  that  our  local  engineers  will  do  their  utmost  to  make  it 
pleasant  and  full  of  interest,  and  we  trust  that  your  deliberations 
may  be  profitable  and  helpful  to  you  all,  and  that  you  may  carry 
from  us  a  happy  and  pleasant  memory  of  our  fair  city  by  the  lake. 

Again,  in  behalf  of  the  Mayor,  and  in  behalf  of  the  municipality, 
I  extend  to  you  the  keys  of  the  city  and  bid  you  a  most  hearty  wel- 
come.    (Applause.) 

Chables  C.  Schneider^  PREsroENT,  Am.  Soo.  C.  E. — ^Director      Reply  to 
Cooley:  allow  me  to  thank  you  most  heartily  for  the  cordial  welcome     "wdl^mSf 
you  have  extended  to  the  American  Society  of  Civil  Engineers.    It  is 
particularly  gratifying  and  appropriate  that  this  welcome  should  be 
extended  to  our  Society  by  the  official  representative  of  a  Mayor 
whose  name  is  familiar  to  all  of  us ;  a  man  whose  name  is  so  closely 
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Address  of 

Welcome 
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identified  with  engineering,  and  who,  through  his  many  well-known 
inventions  and  improvements,  has  heen  instrumental  in  making 
modem  street  car  traffic  what  it  is  to-day. 

No  more  appropriate  place  could  have  heen  selected  for  a  meet- 
ing of  a  representative  body  of  engineers  than  the  Forest  City. 
In  this  great  center  of  engineering  and  industrial  activities,  the 
objects  of  interest  to  the  engineer  offered  by  Cleveland  are  almost 
unsurpassed  by  those  of  any  other  city,  as  Cleveland  is  the  second 
largest  maiiufacturing  city  on  the  Lakes,  the  first  Lake  port  in  ship- 
building, and  foremost  in  the  country  in  the  manufacture  of  iron 
and  steel,  and  many  other  industries  of  almost  endless  variety. 

Cleveland  has  the  distinction  of  being  one  of  the  best  governed 
cities  in  the  country,  of  having  the  best  street  car  service,  and  of 
having  succeeded  twice  in  electing  a  Mayor  who  is  with  the  people 
and  for  the  people  all  the  time.     (Applause.) 

In  the  programme  laid  out  by  your  Local  Committee,  ample 
facilities  have  been  provided  for  the  members  of  this  Society  to 
view  your  city,  its  beautiful  streets  and  parks  and  lake  front,  your 
harbor  and  docks,  and  also  your  means  of  transportation  by  rail 
and  water,  and  to  visit  many  prominent  manufacturing  establish- 
ments for  which  your  city  is  so  famous.  You  have  liberally  pro- 
vided for  our  entertainment,  to  make  our  sojourn  a  pleasant  one, 
which  might  have  been  expected  from  Cleveland. 

We  are  particularly  grateful  for  the  entertainment  provided  for 
the  ladies,  whose  influence  is  felt  so  powerfully  at  our  Annual  Con- 
ventions. They  make  them  a  success  by  their  presence,  as  they 
contribute  to  the  attractiveness  of  the  same  so  largely.     (Applause.) 

The  Business  Meeting  convened  at  the  close  of  this  session. 
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BUSINESS  MEETING. 

President  Schneider  in  the  chair;  Assistant  Secretary  McMinn, 
acting  as  Secretary. 

The  President. — This  meeting  will  now  come  to  order  for  the 
transaction  of  business.     The  Chair  has  an  announcement  to  make. 

Perhaps  many  of  you  have  missed  a  familiar  figure  who  has  been 
for  many  years  at  our  Annual  Conventions,  that  is,  our  Secretary, 
Mr.  Hunt.  Mr.  Hunt  regrets  very  much  that  owing  to  illness  he  is 
unable  to  be  present;  and  we,  also,  regret  his  absence. 

The  Assistant  Secretary. — The  first  order  of  business  wiU  be 
the  subject  of  the  formation  of  Local  Associations  of  the  American 
Society  of  Civil  Eng^ineers.  The  following  is  a  report  of  the  Secre- 
tary on  the  subject : 
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"If  you  will  kindly  have  this  read  in  your  meeting,  as  promised, 
you  will  greatly  oblige, 

"Tours  truly, 
"C.  R  Hunt, 

"Cleveland  Sight  Seeing  Company,'* 

The  Secretary  now  has  some  announcements  to  make. 
The   Assistant   Secretary. — The   City  Passenger   and   Ticket 
[  Agent  of  the  Erie  Koad  has  requested  me  to  announce  that  it  will 

f'i  expedite  matters  and  help  him  very  much  if  members  will  notify 

him  as  to  when  they  expect  to  leave,  that  is,  if  they  will  secure 
their  berths,  reservations,  etc.,  at  as  early  a  date  as  possible,  as  he 
fears  that  there  may  not  be  a  sufficient  number  of  cars  on  hand  to 
accommodate  a  large  party  starting  at  the  same  hour  on  a  certain 

The  Cleveland  Electric  Railway  Company  is  welding  track  with 
thermite.  Arrangements  can  be  made  to  see  the  process  by  calling 
up  telephone  Main  28,  Bell  telephone,  or  Central  1850,  Cuyahoga 
'phone,  on  Thursday  morning.  Ask  for  Mr.  Clark,  who  will  state 
where  the  work  is  being  done.  It  is  in  progress,  by  the  way,  at  a 
number  of  different  points,  and  the  company  will  be  very  glad  to 
have  it  inspected'.'  Many  of  our  members  have  seen  this  process 
before,  hut  some,  possibly,  may  not,  and  would  like  to  see  it. 

Mr.  Mordecai. — ^Yesterday  we  showed  you  beautiful  Cleveland, 
and  now  we  propose  to  show  you  industrial  Cleveland,  and  to  tell 
you  about  what  you  will  see.  The  Local  Committee  thought  it 
would  be  well  to  ask  some  of  the  gentlemen  to  make  a  few  remarks 
upon  Cleveland  and  the  industries  that  you  will  visit  this  after- 
noon. I  will  call  upon  Major  Dan  C.  Kingman,  United  States 
Engineer,  to  tell  you  what  Cleveland  is  geographically.  I  have 
great  pleasure  in  introducing  to  you  Major  Kingman. 

Major  Kinoman. — Mr.  Chairman,  Ladies  and  Gentlemen:  I  Address  by 
hardly  know  what  is  expected  of  me  at  this  particular  time.  I  was  ^^3-  Kingman. 
only  spoken  to  about  an  hour  ago,  and,  while  I  think  I  know  a  great 
deal  about  the  harbor  of  Cleveland,  I  am  afraid  if  I  started  in  to 
talk  about  it  I  should  say  too  much.  Whatever  now  makes  the 
greatness  of  Cleveland  it  was  because  it  was  started  originally  as  a 
lake  port;  there  was  a  practical  harbor  at  this  place.  In  1826  it 
consisted  of  a  small  settlement  at  the  mouth  of  the  Cuyahoga  Biver, 
and  its  conunerce  was  carried  in  perhaps  76  little  vessels  that  ar- 
rived and  departed  during  the  year.  It  is  now  a  fpte&t  city,  seventh 
in  th^  United  States,  with  a  population  approaching  half  a  million, 
and  its  business  is  now  carried  on  by  immense  steel  ships  rivaling 
the  size  of  those  upon  the  ocean. 

The  receipts  and  ships  in  tons  amount  to  more  than  ten  millions 
per  annum.    I  am  sorry  I  haven't  a  large  map  of  the  Great  Lakes 
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ifa?*mn5fman  available  so  that  you  can  follow  me  in  what  I  say.  I  hope,  how- 
(oontinued).  ever,  that  the  shape  of  the  Lakes  is  sufficiently  familiar  so  that  you 
can  see  the  point  I  want  to  make.  Nature  has  clearly  fixed  and 
established  four  points  upon  the  Great  Lakes  where  large  com- 
mercial harbors  must  exist  and  where  great  cities  must  grow  up. 
These  four  points,  of  themselves,  could  suffice  for  the  through  busi- 
ness of  the  Lakes.  There  are  many  other  harbors,  of  course,  and 
they  are  of  value  locally  and  to  a  certain  extent  to  the  general  com- 
merce, but  their  position  is  more  or  less  accidental,  and  is  not  as 
clearly  indicated  geographically  as  in  the  case  of  the  four  which  form 
the  great  quadrilateral.  These  four  are  Duluth,  Chicago,  Cleve- 
land and  Buffalo.  Duluth  is  situated  at  the  western  extremity  of 
the  system,  as  far  in  the  interior  as  it  is  possible  for  a  ship  to  go. 
It  serves  the  needs  of  the  Great  Northwest,  a  region  abounding  in 
raw  material,  wheat,  lumber  and  ore,  and  a  region  requiring  the 
manufactured  products  of  the  East  By  a  system  of  land  routes,  it 
gathers  up  this  raw  material  for  shipment  and  sends  it  to  the 
manufacturing  centers  of  the  East.  It  receives  in  return  coal  and 
nianufactured  products,  and  distributes  them  by  rail  throughout 
the  Northwest. 

Chicago,  at  the  southern  end  of  Lake  Michigan,  serves  a  like 
purpose  for  the  Southwest.  The  great  com  region  of  Illinois,  Iowa, 
Missouri,  Nebraska  and  Kansas  is  naturally  tributary  to  Chicago, 
find  receives  from  Chicago  the  commodities  of  the  East. 

Cleveland,  the  most  southeasterly  point  of  Lake  Erie,  serves  in 
like  manner  the  needs  of  the  Southeast.  It  is  the  natural  point  for 
receiving  the  iron  ore  from  the  West  and  distributing  it  to  the 
furnaces  of  Western  Pennsylvania,  Ohio  and  West  Virginia,  and 
for  receiving  and  forwarding  the  coal  and  manufactured  articles 
of  this  same  territory. 

Buffalo  is  the  fourth  city  of  the  '^ig  Four."  It  is  situated  at 
the  eastern  end  of  Lake  Erie,  as  far  to  the  eastward  as  a  large  ship 
can  go.  It  is  the  place  that  receives  all  the  products  from  the  West 
destined  for  the  sea  coast,  and  is  the  lake  point  most  easily  reached 
from  t^e  ocean.  Buffalo  derives  its  importance  as  a  lake  point 
from  the  accident  of  Niagara  Falls.  If  this  great  obstacle  did  not 
exist,  and  vessels  were  free  to  pursue  their  course  to  Lake  Ontario, 
the  fourth  great  port  would  undoubtedly  be  situated  at  Oswego,  at 
the  mouth  of  Oswego  River.  This  point  would  be  more  than  100 
miles  nearer  to  New  York  and  Boston,  and,  in  my  judgment,  the 
present  commerce  of  the  Lakes  would  be  benefited  by  at  least 
$3  000  000  a  year  if  Oswego  could  be  made  the  eastern  terminus. 
Nobody  knows  this  any  better  than  the  people  of  Buffalo;  and  they 
do  not  desire  that  an  adequate  ship  canal  shall  ever  be  built  on 
A^merican  territory  around  the  Falls  of  Niagara. 
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To  come  now  to  the  harbor  of  Cleveland,  I  do  not  know  when 
the  first  vessel  entered  this  port.  The  attention  of  the  General 
Grovemment  was  first  called  to  it  in  1826,  when  an  appropriation  of 
$5  000  was  made  to  build  a  pier  at  the  mouth  of  the  Cuyahoga 
River.  At  this  time  the  river  emptied  into  the  lake  to  the  westward 
of  the  present  jetties.  A  long,  low,  sand  bar  ran  out  from  the  east- 
em  shore  across  the  present  entrance,  and  the  depth  of  water  at  the 
river  mouth  was  only  3  or  4  ft.,  but,  after  crossing  the  bar,  there 
was  a  depth  of  16  ft.  in  the  river.  Prior  to  1826  the  local  authori- 
ties had  attempted  some  improvement,  but  the  work  was  primitive 
in  construction  and  design,  and  did  not  produce  the  desired  results. 

A  harbor  is  something  more  than  a  shelter  or  a  place  for  vessels 
to  lie  in;  it  means  a  place  where  the  mode  of  transportation  is 
changed  from  land  to  water  or  from  water  to  land,  and,  in  order  to 
be  successful  in  this,  it  is  just  as  important  that  the  land  ap- 
proaches should  be  considered  and  just  as  important  that  the  train 
should  come  along  to  the  ship.  A  harbor  that  does  not  afford  ade- 
quate approaches  for  trains  is  no  better  than  a  harbor  that  has  in- 
sufScient  depth  of  water.  Cleveland  has  plenty  of  water,  but  its 
land  approaches  are  not  altogether  what  they  should  be. 

In  1874  the  total  amount  of  business  done  in  the  ten  harbors  in 
the  State  of  .Ohio  was  about  $4  500  000;  in  1902,  $31500  000.  The 
harbors  of  Toledo  and  Sandusky,  with  the  adjacent  small  harbors 
of  Port  Clinton,  Huron  and  Vermilion,  serve  certain  portions  of  the 
country  not  naturally  and  directly  tributary  to  Cleveland.  They  are 
both  at  the  mouths  of  rivers,  and  there  are  natural  land  routes  up 
the  valleys  of  the  same.  These  harbors  would  have  their  own  com- 
merce and  would  grow  if  the  harbor  of  Cleveland  did  not  exist  at 
all.  But  the  five  harbors  to  the  eastward,  namely,  Lorain,  Cleve- 
land, Fairport,  Ashtabula  and  Conneaut,  all  serve  the  same  terri- 
tory, that  is,  the  Pittsburg  region. 

The  United  States  is  helping  Cleveland  to  extend  the  break- 
water, wliich  will  carry  it  about  3  miles  to  the  eastward,  and  it  will 
then  afford  a  sheltered  basin  of  nearly  6  miles  along  the  lake  front, 
and  yet,  up  to  the  present  time,  not  one-tenth  of  that  has  been 
utilized.  The  commercial  harbor  is  within  the  river,  narrow, 
crooked,  and  difficult  to  reach,  so  that  a  trip  up  it  is  more  dangerous 
than  a  trip  across  the  lake.  The  time  will  come  when  Cleveland 
will  adopt  modern  methods  of  treating  its  harbor — like  New  York, 
Philadelphia  and  the  sea  ports  of  Europe — and  own  and  control 
the  approaches  to  its  wharves  and  the  machinery  and  appliances 
used  in  the  handling  of  freight. 

When  this  is  done,  Cleveland  will  be  able  to  control  absolutely 
the  iron  ore  and  coal  commerce  on  Lake  Erie,  and  will  attain  a 
growth  and  development  in  comparison  with  which  all  that  has  gone 
before  will  be  as  nothing.     (Applause.) 
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Mr.  MoRDEOAi. — To  give  you  a  little  better  idea  of  the  details  of 
the  city  I  will  call  upon  Mr.  W.  J.  Carter,  City  Engineer  of  Cleve- 
land, and  a  Member  of  this  Society. 
Address  by  W.  J.  CARTER,  M.  Am.  Soo.  C.  E.— Ladies  and  Gentlemen:    The 

Mr.  Carter.  Qj^y  ^f  Cleveland  covers  an  area  of  36  sq.  miles,  and  is  about  equally 
divided  by  the  Cuyahoga  River  into  two  parts,  which  we  call  our 
"East  Side"  and  "West  Side."  The  level  of  the  lake  at  this  point 
is  about  576  ft.  above  sea  level.  Our  water  supply  comes  from  the 
lake,  and  is  brought  in  through  a  9-ft.  tunnel,  the  intake  being  at  a 
point  4i  miles  from  the  shore.  At  the  shore  end,  our  Kirtland  Street 
pumping  station — ^the  new  station  which  has  been  in  service  about 
a  year — ^has  a  capacity  of  100  000  000  gal.  per  day.  The  water  is 
pumped  from  this  station  through  about  400  miles  of  mains.  We 
have  two  reservoirs  in  connection  with  this,  of  which  the  Fairmount, 
or  low-service  reservoir,  contains  80  000  000  gal.,  and  the  Kinsman, 
or  high-service  reservoir,  contains  about  35  000  000  gal. 

In  order  to  take  care  of  the  water  there  are  about  400  miles  of 
sewers,  and  they  vary  from  16  ft.  in  diameter  to  the  small  pipe 
sewers. 

We  have  under  construction  at  the  present  time  a  large  part  of 
the  intercepting  system  of  sewers,  13  ft.  6  in.  in  diameter.  Some 
of  this  is  being  built  in  open  cut,  and  some  in  tunnel  by  means 
of  a  shield.  Either  of  these  points  is  very  easy  of  access,  and  can 
be  visited  by  any  of  the  members  who  desire  to  see  the  work  in 
progress.  • 

We  have  about  600  miles  of  streets,  but  of  this  only  254  miles 
are  covered  with  pavement.  This  pavement  is  divided  as  follows: 
Medina  block,  about  91  miles;  asphalt,  18  miles;  brick,  143  miles; 
wood  block,  only  2  miles,  this  wood  block  being  principally  on 
bridges.  The  brick  pavement  we  use  is  known  as  the  5 -in.  block. 
I  believe  we  hold  the  very  unique  position  of  being  the  only  city 
using  a  5-in.  paving  brick.  This  brick  is  manufactured  within  a 
radius  of  60  miles  of  the  city.  A  great  deal  of  this  paving  is  laid 
upon  a  sand  foundation,  without  concrete. 

We  have  1  500  acres  of  parks,  a  description  of  which  is  given  in 
the  pamphlet;  practically  all  these  parks  are  on  the  "East  Side";  on 
the  "West  Side"  they  are  not  as  extensive.  On  the  "East  Side"  we 
have  Gordon,  Wade  and  Eockefeller  Parks,  which  were  gifts  to  the 
•city  by  Mr.  Gordon,  Mr.  Wade  and  Mr.  Rockefeller;  the  "West 
Side"  parks  have  been  principally  purchases.  There  is  at  the  pres- 
ent time  a  proposition  to  connect  these  parkways  with  a  grand 
boulevard  entirely  circling  the  city;  some  parts  of  that  have  been 
built ;  the  portion  you  saw  yesterday  was  a  part  of  that  scheme. 

One  of  the  earliest  bridges  built  here  was  the  Superior  Street 
Viaduct,  started  in  1874  and  completed  in  1878.     This  viaduct  is 
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3  211  ft.  long,  and  consists  of  stone  arches  and  iron  bridgework;  it 
cost  about  $2  250  000.  The  Central  Viaduct,  built  in  1886  and  1888, 
has  a  lengih  of  2  838  ft.  There  is  a  great  deal  of  delay  to  traffic, 
not  only  on  the  river,  but  on  the  streets,  by  reason  of  these  bridges 
not  being  of  sufficient  elevation  above  the  river.  The  subject  is  be- 
ing agitated  very  strongly  at  the  present  time,  and  we  will  probably 
have  a  high-level  bridge  in  a  few  years. 

The  Columbus  Street  Bridge  is  one  of  the  unique  bridges  of  the 
country,  being  a  double  swing  bridge.  Middle  Seneca  Street  Bridge 
is  a  double  Scherzer.  The  bridge  at  Columbus  Street  is  now  under 
construction,  but  not  far  enough  advanced  to  give  an  idea  as  to  its 
character,  the  concrete  work  is  under  way,  but  no 'metal  work  has 
yet  been  delivered. 

On  our  grade-crossing  work  we  are  making  good  headway. 
There  is  a  very  interesting  piece  of  work  under  way  at  Willson 
Avenue  and  the  Erie  Eailroad  tracks ;  another  piece  of  work  is  under 
way  at  Detroit  Street;  one  at  the  Lake  Shore,  and  one  at  the  Nickel 
Plate.  We  have  plans  laid  out  for  grading  the  entire  Pennsylvania 
System. 

Our  river  frontage  is  about  16  miles.  There  is  another  structure 
in  the  city  that  probably  some  of  the  members  would  like  to  see; 
that  is  the  rolling  roadway,  built  by  a  private  corporation,  operated 
under  a  franchise  and  in  daily  use.     (Applause.) 

Mr.  Mordecai. — Among  the  plants  of  which  we  are  proud  there 
is  one  that  is  known,  I  might  say,  all  over  the  world,  and  which  we 
will  visit  this  afternoon,  the  plant  of  The  Brown  Hoisting  Machin- 
ery Company,  and  I  will  ask  Mr.  Alexander  Brown  to  tell  us  what 
we  will  see  there. 

Mr.  Brown. — ^Ladies  and  Gentlemen :  Mr.  Mordecai  simply  asked  Address  by 
me  to  say  what  you  might  see  this  afternoon  at  the  works  of  The 
Brown  Hoisting  Machinery  Company,  but  I  think  that  is  rather  a 
dry  subject  unless  I  explain  the  ca\ise  of  its  existence,  the  reason 
for  it,  how  it  happened,  what  it  has  accomplished,  and  what  we 
hope  to  accomplish  in  the  future.  The  reason  of  its  design  may  be 
questioned  unless  that  is  known. 

The  last  meeting  of  this  Society  in  Cleveland,  which  I  attended, 
was  in  1879,  and  in  1880  was  started  the  business  of  which  our 
present  plant  is  the  continuation.  The  reason  of  its  existence  was 
very  well  explained  by  Major  Kingman — the  increase  in  the  com- 
merce of  the  Lakes.  In  order  to  give  a  clear  idea,  or  rather  a 
graphic  idea,  of  what  very  few  people  realize,  I  will  state  that  the 
almost  marvelous  increase  of  business  in  twenty-five  years  that  has 
occurred  all  over  the  country  is  due  almost  solely  to  the  product  of 
the  Lakes. 

We  are  so  apt  to  think  things  occur  generally  that  we  attribute 
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Address  by      them  to  circumstances  as  they  go  along  from  day  to  day  without 

Mr.  Brown  .i.  i  i  t/».  ••  n 

(continued;,  ever  considering  that  there  are  definite  positive  causes,  generally 
local,  which  produce  that  general  result.  In  1883  there  was  received 
at  all  lake  ports  about  1 000  000  tons  of  ore ;  in  the  five  years  after 
that,  16  000  000  tons;  in  the  ^ve  years  following,  38  000000  tons; 
in  the  next  five  years,  46  000  000  tons ;  in  the  five  years  following, 
100  000  000  tons  of  salable  ore ;  in  the  last  two  years,  46  000  000  tons. 
In  the  past  five  years,  including  this  year,  there  have  been  150  000  000 
tons  of  iron  ore  taken  out  of  the  ground,  transported  an  average  of 
more  than  1000  miles  and  delivered  at  the  different  ports,  thence 
taken  by  railroad  and  delivered  to  the  furnaces,  handled  again 
and  put  through  the  furnaces,  and  finally  turned  into  the  steel  that 
you,  gentlemen,  are  all  using;  taking,  probably,  in  the  last  twenty- 
five  years  more  than  250  000  000  tons  of  iron  ore,  representing  about 
180  000  000  tons  of  iron  and  steel,  from  this  one  region. 

In  1880  I  happened  to  be  personally  connected  with  the  people 
who  had  to  do  with  the  first  discovery  of  the  mines  in  Lake  Superior, 
that  is,  in  the  operation  of  them  afterward,  and  I  can  remember, 
although  it  doesn't  seem  long  ago,  when  the  900-ton  vessel  on  the 
Lakes  was  about  the  largest.  In  the  year  or  so  afterward,  1 200-ton 
vessels  were  built,  and  were  considered  to  be  almost  beyond  a  good 
workable  value;  in  a  year  or  two  after,  an  experimental  boat  was 
made,  called  The  Onoko,  of  2  000  tons,  the  first  iron  boat  on  the 
Lakes ;  to-day  there  are  a  number  of  boats  of  more  than  10  000  tons 
capacity  and  several  of  13  000  tons  capacity,  having  a  draft  of  water 
not  exceeding  18i  ft.  If,  on  the  ocean,. their  displacement  would  be 
something  like  30  000  to  36  000  tons,  if  they  were  made  with  pro- 
portional depth.  All  this  has  occurred  in  the  twenty-five  years 
since  this  Society  was  first  here. 

In  1880  it  was  seen  that  it  was  impossible  to  develop  the  mines- 
and  get  the  ore  to  the  furnaces,  unless  more  adequate  means  were 
provided  to  handle  it  at  the  terminal  places  from  which  the  rail- 
roads took  the  ore.  At  that  time  a  horse  with  a  half  barrel  attached 
to  a  rope  passing  over  a  sling  on  the  vessel  to  a  half  barrel  on  the 
other  end  of  the  same,  with  planking  over  the  hatchway,  and  a 
wheel-barrow,  formed  the  sole  hoisting  apparatus  in  use;  shortly 
after  that  occurred  the  substitution  of  the  donkey  engine  for  the 
horse.  That  was  displacing  the  rights  of  the  drivers,  and  trouble 
occurred. 

In  1880  the  business  arrived  at  that  point  where  something  had 
to  be  done,  or  else  the  development  of  the  ore  industry  and  steel 
works  in  the  steel  district  would  be  checked  and  hampered,  because 
they  had  reached  the  limit  in  the  handling  of  lake  ores ;  eastern  ores 
were  to  some  extent  imported,  and  native  State  ores  were  used  to 
some  extent  to  make  up  the  deficiency.     At  that  time  attention  was- 
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called  to  the  handling  machinery  here,  particularly  at  Cleveland. 
On  the  New  York,  Pennsylvania  and  Ohio  docks  the  first  apparatus 
was  put  in.  The  first  machine  was  a  cableway.  The  necessity  of 
keeping  the  ore  space  clear  was  recognized,  and  the  cableway  spanned^ 
over  the  tracks,  about  380  ft.  deep.  Upon  the  introduction  of  this 
first  automatic  machine  there  was  a  labor  fight  against  it  for  a  year, 
until  it  was  demonstrated  that  labor  could  make  three  or  four  timeS; 
as  much  per  day  and  live  longer,  as  many  of  the  men  lost  much  time 
and  strained  and  broke  their  backs  in  carrying  planks  to  prepare  iot 
the  wheel-barrows  in  the  old  way.  After  that  was  demonstrated,  it 
was  a  difficult  thing  to  keep  them  away  from  our  office,  wishing  ta 
contract  for  the  next  season's  work. 

The  first  boat  that  was  unloaded  with  it  had  formerly  used  the 
wheel-barrow.  The  men  were  divided  into  10-hour  shifts  and  were 
paid  $6  apiece,  or  at  the  same  rate  per  ton  as  they  had  received  when 
using  wheel-barrows,  with  which  old  method  they  only  earned  about 
$2.60  per  day.  The  allowed  demurrage  for  unloading  was  four  or 
five  days;  now  it  is  not  more  than  that  many  hours,  and  there  ia 
practically  no  demurrage. 

To  give  an  idea  of  what  280  000  000  tons  of  ore  means,  I  will 
say  that  it  represents  a  pile  30  ft.  high,  200  ft.  wide  and  100  miles 
long;  in  other  words,  it  represents  about  twice  the  excavation  for 
the  present  Panama  Canal.  The  salable  ore  taken  out  in  the  last 
^ve  years  has  caused  an  excavation  equivalent  to  that  for  a  ditch 
about  equal  to  the  Panama  Canal,  and  yet  they  are  still  hunting  for 
apparatus  to  dig  the  Panama  Canal  in  ten  years,  while  some  of  it  is^ 
already  excavated. 

You  can  see  from  this  outline  that  there  was  a  necessity  and  a* 
reason  for  producing  machinery  and  appliances  for  the  rapid 
handling  of  material,  both  in  delivering  it  to  the  boats  and  taking 
it  from  them,  in  order  to  keep  up  with  the  rapid  development  of  the 
ore  business  as  well  as  the  steel  industry.'  The  railroad  companies 
had  to  keep  pace  with  it;  the  vessel  interests  had  to  keep  pace  with 
it,  and  the  result  has  been,  as  I  have  said,  a  growth  practically  from 
no  business  to  more  than  six  or  eight  times  the  greatest  traffic  of 
the  kind  in  the  world,  that  is,  more  than  all  the  nations  put  together, 
in  the  same  time,  for  that  commodity. 

In  1880  we  had  no  works,  just  simply  the  first  plant,  and  from 
that  time  it  has  been  a  constant  and  hard,  heavy  grind  in  the  harness 
to  keep  up  with  the  pace,  and  it  has  been  impossible  to  do  this.  As 
fast  as  one  improvement  is  made  in  the  terminal  facilities  the  vessel 
interests  match  it,  the  discovery  of  ore  over-rides  it,  and  more 
machinery  has  to  be  applied  to  keep  up  with  it  all;  the  steel  in- 
dustry has  gone  at  the  same  pace  until  now  they  have  got  in  almost 
one  organized  body  to  try  to  beat  the  other  end,  that  is  the  mining. 
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Address  by  but  we  hope  to  be  able  to  keep  up  with  the  handling  end,  and  the 
(ccuitinued).  "works  that  you  will  see  this  afternoon  grew  from  nothing  to  what 
they  are  at  present.  Just  from  the  force  of  necessity  of  these  local 
conditions — ^I  say  local  with  respect  to  the  country  at  large — ^but 
this  very  local  industry  has  had  more  to  do  with  the  prosperity,  the 
standing  among  the  nations,  and  the  growth  of  this  country  than 
all  other  causes  combined. 

The  ocean  traffic  is  as  it  was  two  hundred  years  ago.  Terminal 
facilities,  with  few  exceptions,  are  no  better;  they  simply  use  more 
men,  more  stupidity,  more  muscle  and  larger  boats.  With  a  dozen 
exceptions,  probably  two  hundred  years  ago  they  could  unload  a  boat 
equally  well  at  any  of  the  best  coast  harbors  in  this  country  or 
Europe.  New  York  harbor  is  a  disgrace,  Boston  harbor  is  a  dis- 
grace, all  the  harbors  on  the  coast  of  this  country  are  a  disgrace, 
when  we  all  know  the  energy,  the  good  business  ability  and  the 
quick  judgment  of  business  men  to  take  hold  of  projects  that  will 
produce  good  returns  in  carrying  them  to  completion;  but  simply  the 
habit  of  the  eastern  coast  has  kept  them  where  they  are,  they  have 
almost  gotten  the  Far  East  lethargy  and  believe  their  method  good 
enough;  the  conditions  have  always  been  there  and  there  they  must 
remain.  However,  at  present  there  is  a  decided  uneasiness  and  a  de- 
cided trend  toward  the  betterment  of  the  coast,  as  the  Lakes  have  been 
bettered,  and  when  that  is  done  it  will  be  very  difficult  to  determine 
what  progress  we  will  see  in  this  country  twenty-five  years  from  now. 

The  ship  building  on  the  Lakes  exceeds  all  other  ship  building 
of  the  entire  United  States.  That  will  give  some  idea  of  how  far 
behind  the  East  is  in  that  particular  means  of  progress  in  this 
country. 

The  works  that  we  have  now  are  the  outgrowth  of  necessity,  and 
in  1900  we  had  to  reorganize  in  order  to  see  what  to  do  to  double 
the  capacity  of  our  works.  After  fairly  getting  started  we  had  a 
disastrous  fire  that  wiped  out  our  entire  place  in  the  midst  of  the 
busiest  year  we  ever  had,  and  that  necessitated  carrying  on  the 
business,  building,  and  doing  all  the  work  at  the  same  time,  with  as 
little  injury  to  our  business  as  possible,  and  that,  like  other  times  in 
our  business,  forced  us  to  do  things  which,  if  we  had  had  all  the  time 
in  the  world,  we  would  probably  not  have  done  half  as  well.  It  forced 
us  to  find,  in  the  same  area,  capacity  to  double  or  treble  our  former 
business,  of  which  we  supposed  we  had  reached  the  limit.  I  am  glad 
to  say  we  have  trebled  the  capacity  on  the  same  area  we  had  before, 
but,  as  I  said,  this  very  necessity  forced  us  to  do  things — as  gen- 
eraUy  the  best  work  is  done  that  way — that  we  would  not  have  done 
if  we  had  had  all  the  time  and  opportunity  at  our  disposal  first  to 
consult  and  afterward  to  go  ahead.  The  result  of  the  fire  was  that  we 
were  greatly  afraid  of  being  burned  out  again,  not  but  what  we  could 
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$:et  insurance,  perhaps,  but  the  loss  and  interruption  to  business  was 
more  than  a  person  could  stand  twice  in  a  lifetime.  Our  deter- 
mination was  that  our  shops  should  be  made  absolutely  fire-proof, 
and  the  difficulty  of  doing  that  within  reasonable  cost  and  at  the 
same  time  covering  the  area,  together  with  the  necessity  of  doing  it 
along  with  other  business,  took  a  great  deal  of  what  you  will  be 
interested  in,  that  is,  the  engineering  end  of  the  problem. 

At  present  the  main  building  consists  of  one  large  room.  We 
abandoned  the  idea  of  trying  to  stretch  out  in  one  long  building, 
<K>mmencing  work  at  one  end  and  finishing  at  the  other.  That  method, 
I  am  satisfied,  is  obsolete  for  most  places ;  a  building  is  wanted  only 
as  a  cover  and  a  place  to  support  overhead  cranes,  the  closer  you 
can  get  to  your  management  in  a  building  the  better.  If  it  were 
made  in  one  long  stretch  it  would  be  more  than  3  000  ft.  long,  taking 
all  the  buildings.  Our  main  building  would  be  2  500  ft.  long  and 
71  ft.  wide.  Imagine  the  supervision  required  in  having  to  start  from 
•cne  end  and  walk  half  a  mile  to  give  an  order.  At  present  it  is  500  ft. 
front  by  312  ft.  deep,  and  is  under  one  roof.  The  foreman  is  rarely 
more  than  250  ft.  from  anyone  he  wishes  to  talk  with,  for  his  central 
office  is  not  more  than  300  ft.  from  the  farthest  point  of  the  building. 
This  compact  method  lends  itself  to  the  machine  shop,  the  structural 
shop  and  to  the  assembling  between  the  two,  in  such  a  way  that  all 
the  materials  go  the  least  possible  distance,  with  the  least  possible 
handling  and  supervision,  to  their  final  loading  on  the  cars.  This 
construction  also  leaves  the  building  without  partitions  and  without 
•obstructions,  free  for  future  changes  which  we  cannot  anticipate — 
which  is  so  much  appreciated  in  this  country — ^it  isn't  added  to  and 
taken  from  every  time  you  wish  to  do  a  new  piece  of  work.  It  is 
left  a  simple  open  area  with  a  cover,  that  is  the  structure  of  our 
building. 

The  fire-proof  feature  is  this:  The  whole  building,  to  start 
with,  is  of  steel,  that  is,  the  framework,  the  foundation  is  all  of 
•concrete,  the  sides  and  roof  of  concrete  and  steeL  I  was  con- 
fronted, however,  with  one  thing,  that  there  was  no  roof  covering 
jnade  at  the  time,  that  was  entirely  fire-proof,  but  what  weighed  from 
35  to  40  lb.  per  sq.  ft.,  also  including  a  system  of  purlins  and  sub- 
rafters  which  were  a  necessity  to  hold  the  blocks  of  tile,  eta  This 
jiecessitated  a  larger  amount  of  structural  material  than  we  were 
willing  to  put  in  for  this  purpose,  as  it  is  only  a  cover  to  keep  out 
jain,  wind  and  snow.  I  made  up  my  mind  that  it  was  not  good  sense 
to  load  the  building  down  with  from  35  to  40  lb.  per  sq.  ft.,  besides 
providing  for  30  lb.  for  snow  and  wind,  and  told  our  engineers  to 
design  for  15  lb.  per  sq.  ft.,  and  we  would  not  exceed  that  for  the 
roof  covering.  I  found  it  impossible  to  get  anything  fire-proof 
anywhere  near  this  weight  per  square  foot,  and  that  forced  me  into 
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ib^^m      finding,  or  designing,  or  doing  something  for  this  purpose  while  the 
(continued),    building  was  going  on,  and,  until  the  building  structure  was  nearly 
up,  no  one  knew  what  we  were  going  to  put  on  either  the  sides  or 
roof.  The  theoretical  thing  in  my  mind  was  to  make  some  thin  metal 
that  would  hold  a  thin  body  of  cement,  not  to  exceed  15  lb.  per  sq.  ft.» 
that  would  be  water-proof  and  fire-proof,  and  capable  of  spanning 
about  5  ft.  from  purlin  to  purlin.    It  occurred  to  me  to  make  dove- 
tailed corrugations  of  sheet  metal.     The  conmiercial  end  of  making 
that  was  the  difficult  proposition,  but  I  happened  to  strike  on  a 
method  of  accomplishing  it  which  I  will  show  you  this  afternoon. 
This  material  can  be  made  so  cheap,  conmiercially,  that  it  is  now 
included  as  one  of  the  branches  of  our  business.    To  give  you  an 
idea  of  how  little  cement  and  steel  it  takes  to  make  this  roof  cover- 
ing I  will  say  that  it  is  composed  of  No.  24  dove- tailed  sheet-metal 
(or  ferro-inclave,  as  we  call  it)  with  corrugations  only  J  in.  deep» 
covered  on  the  top  and  above  the  corrugations  with  a  thickness  of 
I  in.  of  mortar,  1  part  of  Portland  cement  and  2  parts  of  sand,  and 
the  under  side  plastered  with  adamant  or  cement  plaster  of  the  same 
thickness  as  the  top  coating,  making  the  thickness  over  all  about 
]J  in.,  and  the  whole  weighing  only  from  14  to  16  lb.  per  sq.  ft. 
This  covering  will  stand  about  6  ft.  with  a  working  load  of  60  lb* 
per  sq.  ft.,  with  a  factor  of  safety  of  5 ;  in  other  words,  when  tested 
with  300  lb.  per  sq.  ft.  the  plaster  on  the  under  side  will  just  crack; 
the  same  material,  ferro-inclave,  is  not  only  used  for  the  roof  cover- 
ing, but  also  for  the  sides,  gutters  and  ornamental  work,  fittings^ 
cornices,  etc.     This  construction,  where  only  15  lb.  per  sq.  ft.  for  the 
roof  covering  had  to  be  provided  for,  saved  us  more  than  $50  000. 
That  is,   this   additional  sum   would  have  been  required  for   the 
structural  work  of  the  building,  in  excess  of  what  was  actually  used,, 
if  any  of  the  other  forms  of  fire-proof  roofs  had  been  adopted. 

This  main  building  is  allotted  for  machine,  structural,  forge 
and  assembling  spaces,  and  they  are  so  related  that  the  work  from 
each  is  transferred  to  the  final  assembling  floor  with  the  least  pos- 
sible handling.  Our  pattern  shop  and  pattern  storage  vaults,  and 
template  shop  and  shipping  space  are  in  the  lot  east  of  the  main 
building  and  connected  thereto  by  two  railway  tracks.  The  power- 
house for  the  whole  plant  is  in  the  lot  north  of  the  main  building,, 
and  there  also  are  the  carpenter  and  ferro-inclave  shops,  together 
with  the  storage  space  for  raw  material. 

I  will  be  glad  to  show  you  this  afternoon  the  condition  at  our 
power-house  from  which  we  would  like  our  city  to  take  example, 
that  is,  you  will  see  no  trace  of  smoke  coming  from  the  stacks  of 
our  boilers,  and,  as  a  matter  of  fact,  no  smoke  is  ever  seen  coming 
from  them,  from  morning  to  night.  I  will  be  happy,  indeed,  to 
show  you  through  all  our  works. 
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Mr.  Mordbcai. — ^The  next  plant  that  we  will  visit  wiU  be  that  of 
The  EinfiT  Bridge  Company,  and  I  will  ask  Mr.  Hany  Fuller,  a 
Member  of  this  Society,  to  say  what  we  will  see  there. 

Harry  Fuller,  M.  Am.  Soc.  C.  £. — ^Ladies  and  Qentlemen:  I 
have  been  asked  to  tell  you  some  of  the  interesting  things  you  may 
see  this  afternoon  when  you  visit  our  plant.  I  am  going  to  take 
some  liberty  with  that  request,  and  not  tell  you,  because  I  am  afraid 
if  I  told  you  all  about  it,  it  is  a  warm  day  and  you  wouldn't  come. 
We  want  you  all  to  come.  The  plant  in  general  is  pretty  much  the 
same  as  all  large  bridge  shops  the  country  over.  We  cover  an  area 
of  about  20  acres,  have  an  annual  capacity  of  from  25  000  to  30  000 
tons,  depending  upon  the  nature  of  the  work,  and  I  take  it  that  you 
as  engineers  are  more  particularly  interested  in  the  finished  product 
and  class  of  work  than  in  the  exact  method  of  doing  it.  I  believe 
that  each  member  can  form  his  own  opinion  as  to  what  is  interesting 
to  him  better  than  I  could  tell  you,  and  I  simply  want  to  extend  a 
very  cordial  invitation  to  you  to  visit  our  plant  this  afternoon.  I 
thank  you. 

Mr.  Mordecal — The  next  place  we  will  visit  will  be,  not  a  manu- 
facturing plant,  but  the  Case  School  of  Applied  Science,  which  is 
an  institution  very  well  known  all  over  the  country,  and  I  will  ask 
Professor  Howe,  of  Case  School,  to  tell  us  what  we  will  see  there. 

Professor  Howe. — ^Mr.  President,  Members  of  the  American 
Society  of  Civil  Engineers,  Ladies  and  Qentlemen:  The  north- 
eastern part  of  Ohio  is  called  the  Western  Reserve.  This  was  settled 
by  people  from  Connecticut,  and,  naturally,  they  brought  with  them 
their  ideas  regarding  education.  With  such  an  ancestry,  Cleveland 
Las  always  had  schools  which  would  compare  favorably  with  any  in 
the  United  States.  Its  common  schools  are  good  and  its  high  schools 
are  good.  I  believe  there  are,  at  the  present  time,  five  large  high 
schools  in  this  city,  having  a  membership  of  more  than  4  000  pupils, 
^ving,  if  I  am  not  mistaken,  a  larger  percentage  of  high  school 
pupils  than  is  found  in  any  other  city  of  the  country. 

One  of  the  modern  features  of  common  school  education  is 
manual  training;  formerly  it  was  considered  enough  to  educate  a 
boy's  brains,  now  it  is  considered  necessary  to  educate  his  hands 
and  his  eyes,  and  so  manual  training  has  been  introduced  into  the 
high  schools  and,  to  a  certain  extent,  into  the  common  schools  of  the 
country.  Cleveland  has  kept  pace  with  this  movement,  and,  at  the 
present  time,  there  are  manual  training  departments  in  each  of  the 
high  schools  of  the  city.  If  this  Society  had  time,  I  am  sure  the 
school  authorities  of  Cleveland  would  gladly  welcome  you  into  any 
or  all  of  these  high  schools  in  order  that  you  might  inspect  the 
work.  There  are  also  a  number  of  private  schools  in  the  city,  and  a 
number  of  colleges  and  universities.    Two  of  these.  Western  Re- 
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Address  by  serve  University  and  Case  School  of  Applied  Science,  are  situated 
(continued).  Bide  by  side  on  Euclid  Avenue  in  the  eastern  part  of  the  city.  I 
believe  it  is  arranged  that  you  will  visit  Case  School  of  Applied 
Science  this  afternoon.  Many  of  you  are  technical  graduates,  some 
of  you  are  professors  in  technical  schools,  and  I  have  no  doubt  all 
of  you  have  visited  technical  institutions.  I  do  not  wish,  therefore* 
to  say  very  much  about  the  equipment  of  a  technical  school,  because 
you  already  know  about  what  you  will  see  in  an  institution  of  this 
kind. 

I  will,  however,  mention  one  or  two  points  which  may  be  of  in- 
terest to  you,  and  which  we  will  try  to  show  you  this  afternoon. 
Case  School  has,  of  course,  in  common  with  all  technical  schools, 
different  departments,  departments  of  civil  engineering,  mechanical 
eng^ineering,  electrical  engineering,  mining  engineering  and  chemi- 
cal engineering.  Each  of  these  departments  has  a  building  to 
itself,  except  the  department  of  civil  engineering,  which  occupies  a 
part  of  the  main  building  of  the  institution. 

The  apparatus  in  civil  engineering  is  interesting  to  a  certain 
extent,  but  it  is  not,  perhaps,  as  interesting  as  the  apparatus  in  some 
other  departments ;  but  you  would,  of  course,  be  naturally  interested 
in  what  there  is  to  be  found  in  a  department  of  this  kind.  One  of 
the  things  we  will  show  you  is  a  very  precise  level  which  was  built 
to  our  order  by  a  local  firm.  The  interesting  point  to  us  in  regard 
to  it  is  that  it  is  made  of  nickel-steel,  which  was  carefully  made 
according  to  formulas  given  by  our  professors,  and  carefully  tested 
before  made.  By  means  of  this  nickel-steel  the  coefficient  of  ex- 
pansion of  this  level  is  reduced  to  about  one-third  of  what  it  would 
be  in  an  ordinary  instrument.  It  is  a  question  whether  it  would 
not  be  advisable  to  use  nickel-steel  in  all  engineering  instruments,, 
in  order  to  reduce  the  expansion  of  the  instrument  to  the  smallest 
ratio.  In  our  testing  department  we  have  a  large,  transverse,  beam- 
testing  machine  which  will  break  a  steel  beam  20  ft.  long  and  18  in* 
deep.     So  far,  we  have  only  tested  15-ft.  beams. 

We  are  erecting  at  the  present  time  two  new  laboratories,  and,, 
instead  of  testing  sample  pieces  of  steel,  we  have  taken  a  beam  from 
each  building  and  tested  that.  The  first  beam  tested  was  one  of 
16  ft.  11  in.  span,  12  in.  high  and  supposed  to  weight  31}  lb.  per  ft. 
The  interesting  part  to  us  was  that  this  beam  fell  short  5%  in 
weight,  and,  instead  of  having  a  factor  of  safety  of  4,  which  is- 
stated  in  the  handbook  as  the  proper  factor  of  safety,  we  actually 
found  a  factor  of  safety  of  2.8.  It  is  a  question  whether  the  I 
beams  used  in  our  buildings,  instead  of  having  the  factor  of  safety 
stated  in  the  handbooks,  as  engineers  suppose,  have  a  factor  of 
safety  of  only  2.8.  It  would  be  interesting  to  those  who  are  putting 
up  buildings,  in  which  steel  beams  are  used,  to  have  sample  beams 
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tested  in  each  case,  and  thus  determine  whether  they  are  getting 
as  strong  beams  as  they  suppose  when  they  purchase  them. 

Practical  astronomy  is  taught  to  every  civil  engineer  who  has  a 
broad  education.  He  must  know  something  of  geodesy.  We  have  a 
small  observatory,  specially  fitted  up.  One  of  the  most  interest- 
ing features  in  this  observatory  is  a  very  fine  clock,  which  we  will 
show  you  to-day.  It  is  a  Kiefler  clock,  enclosed  in  a  glass  case  from 
which  the  air  has  been  exhausted,  so  that  the  movement  is  in  a 
partial  vacuum.  It  is  wound  by  electricity  once  in  each  period  of 
from  4  to  8  minutes.  This  clock  has  the  best  record  of  any  clock 
for  which  records  have  ever  been  published,  and  we  feel  quite  proud 
of  it,  I  may  say  that,  for  a  period  of  from  2  to  3  months,  the 
average  daily  deviation  from  the  mean  daily  rate  is  tHjs  of  a  second, 
and  the  greatest  deviation  has  been  rihf  of  a  second  per  day.  The 
clock  is  in  a  brick  room  which  is  inside  of  another  brick  room  in 
the  basement  of  the  building.  The  temperature  is  controlled  by  a 
thermostat  which  operates  a  gas  stove,  and  controls  the  temperature 
of  the  space  between  the  two  rooms  within  1  deg^'ee.  Inside  the 
clock  room  is  another  thermostat  which  controls  a  set  of  incan- 
descent lamps,  by  means  of  which  the  temperature  is  controlled 
within  a  few  hundredths  of  a  degree.  So  delicate  is  this  thermostat 
that  the  incandescent  lamps,  though  situated  at  a  distance  of  6  or 
8  ft.  from  it,  cause  it  to  turn  them  off  or  on  frequently  as  often  as 
once  in  2  seconds.  The  clock  is  under  the  most  perfect  conditions, 
constant  temperature  and  constant  pressure. 

We  have  one  machine  there  which  will  be  of  interest  to  all.  The 
Local  Committee  has  arranged  a  very  warm  reception  for  you, 
warmer  than  intended;  we  will  try  to  give  you  a  cold  reception  this 
afternoon,  because  we  are  going  to  show  you  our  ice  machine. 

Another  feature  is  our  automobile  testing  department.  I  sup- 
pose all  of  you  who  were  at  the  World's  Fair  in  St.  Louis  noticed 
the  locomotive  testing  department.  We  are  building  a  similar 
equipment,  so  that  an  automobile  can  be  tested  in  every  way. 

We  will,  also,  show  you  the  dynamo-room  in  the  electrical  en- 
gineering department,  in  which  the  machinery  is  about  the  same  as 
in  any  engineering  laboratory.  One  machine  in  which  you  might 
be  interested,  the  largest  wc  own,  is  a  40-kw.  dynamo,  for  electro- 
metallurgical  work,  designed  and  built  at  the  school.  The  voltage 
of  the  current  is  only  20,  and  so  the  wires  can  be  handled  with 
safety.  We  use  this  current  in  making  aluminum  and  in  other 
electro-metallurgical  processes. 

Mr.  John  D.  Rockefeller  has  recently  given  us  $200  000  for  new 
laboratories,  and  with  this  money  we  are  building  a  physics  labo- 
ratory and  a  mining  engineering  laboratory.  Engineers  are  always 
in  favor  of  apparatus,  and  the  professors  of  an  engineering  college 
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believe  that  when  a  building  is  erected  it  should  be  well  equipped. 
Unfortunately,  professors  in  some  institutions  are  able  to  get  money 
for  a  building  only,  and  must  use  a  very  meager  equipment.  We 
have  been  fortunate  enough,  however,  to  be  able  to  lay  aside,  first 
of  all,  a  definite  sum  for  equipment,  and  then  put  the  remainder 
into  buildings. 

Our  physics  laboratory  will  have  $26  000  worth  of  new  apparatus, 
and  our  mining  engineering  laboratory  will  be  fully  equipped  with 
all  kinds  of  mining  machinery.  We  will  be  very  glad  to  see  you  at 
Case  School  this  afternoon.     (Applause.) 

Mr.  Mordecal — The  other  places  that  we  will  visit  this  after- 
noon, as  laid  out  in  the  programme,  are  the  works  of  The  Wellman- 
Seaver-Morgan  Company,  and  the  power-house  of  the  electric  street 
car  line  on  Cedar  Avenue.  I  have  been  unable  to  get  representa- 
tives of  those  two  places  to  talk  to  you  to-day,  I  think  owing  entirely 
to  diffidence  on  their  part.  The  Wellman-Seaver-Morgan  plant  is 
a  very  large  plant  for  the  manufacture  of  machinery  for  loading 
and  unloading  iron  ore  and  coal. 

The  power  plant  at  Cedar  Avenue  is  similar  to  many  throughout 
the  different,  cities  of  the  country,  but  is  a  very  large  and  successful 
one.     That  is  all,  gentlemen,  that  I  can  present  to  you  this  morning. 

The  vehicles  for  going  around  on  this  trip  this  afternoon  will  be 
at  the  hotel  at  2  o'clock.  The  special  cars  for  the  ladies,  to  go  to 
the  White  City,  will  be  here  at  2  o'clock,  that  means  2  because  we 
cannot  hold  the  track  for  any  length  of  time,  and  the  ladies  must  be 
on  hand  at  that  hour  to  take  the  cars.  Will  you  kindly  see  that 
your  wives  and  sweethearts  follow  that  direction? 

Upon  motion,  duly  made,  seconded  and  carried,  the  convention 
adjourned  until  Thursday  morning  at  10  o'clock. 

Fourth  Session. — The  fourth  and  last  session  of  the  Society 
was  called  to  order  at  10  o'clock  Thursday  morning,  June  22d; 
President  Schneider  in  the  chair;  Assistant  Secretary  McMinn 
iicting  as  Secretary. 

The  President. — ^Before  we  proceed  to  the  transaction  of  busi- 
ness the  Secretary  has  some  announcements  to  make. 

The  Assistant  Secretary. — The  following  letters  have  been 
received,  and  are  self-explanatory: 


"Cleveland,  O.,  June  21,  1905, 
**Mii.  Augustus  Mordecai, 

"Chairman  Entertainment  Committee, 

"Hollenden  Hotel. 
'TDear  Sir  : — The  Water- Works  Department  of  the  City  of  Cleve- 
land would  be  very  glad  to  receive  a  visit  at  its  new  pumping  station 
at  Kirtland  Street,  Thursday  afternoon,  from  the  American  Society 
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of  Civil  Engineers.  The  station  is  a  new  one,  from  which  all  the 
water  for  the  city  is  now  pumped,  and  is  likely  to  prove  interesting 
to  the  Society. 

"Very  truly  yours, 

"E.  W.  Bemis, 
"SupL,  Water-Works/' 

"The  Wabash  R\ilroad  Company. 

"St.  Louis,  Mo.,  June  12,  1905. 
**Mr.  Chas.  Warren  Hunt, 

"Sec'y,,  American  Society  Civil  Engineers, 

'^ew  York,  N.  Y. 
"Dear  Sir. — Concerning  the  annual  convention  of  the  American 
Society  of  Civil  Engineers,  which  is  to  be  held  in  Cleveland.  The 
vrriter  begs  to  call  attention  of  the  members  of  the  Society  to  a  lift 
bridge  which  is  being  built  in  Cleveland  under  his  supervision,  for 
the  Wheeling  &  Lake  Erie  K.  K.,  in  which  some  of  the  members 
may  be  interested. 

"The  bridge  referred  to  is  a  Strauss  Trunnion  Lift  for  single- 
track  railroad,  having  one-leaf  span  of  150  ft.,  built  according  to 
Wabash  R.  K.  specifications. 

"In  connection  with  this  bridge,  there  is  a  temporary  lift  span 
of  85  ft.  in  operation,  to  carry  trains  over  the  navigation  channel 
"The  writer  expects  to  be  in  Cleveland  on  the  22d  and  23d  of 
June,  and  will  then  be  pleased  to  take  any  of  the  members  who  care 
to,  to  the  bridge  site  to  explain  the  points  and  other  engineering 
features  in  connection  with  the  bridge. 

'TTours  truly, 

"A.  O.  Cunningham, 

^^Bridge  Engineer.* 


99 


The  President. — Some  gentlemen  will  now  address  this  meeting 
on  several  engineering  subjects.  Mr.  Mordecai,  Chairman  of  the 
Local  Conmiittee,  will  please  take  the  chair  and  introduce  the 
speakers. 

Mr.  Mordecai  took  the  chair. 

Mr.  Mordecai. — Gentlemen:  We  tried  yesterday  to  show  you 
some  of  the  institutions  of  Cleveland,  but,  of  course,  did  not  show 
you  all  of  them.  One,  especially,  in  which  Cleveland  was  very 
largely  interested  and  is  now,  refers  to  electric  lighting  and  the 
development  of  electricity.  One  of  our  citizens,  Mr.  Charles  F. 
Brush,  is  very  largely  interested  in  that,  and  if  he  will  kindly  tell 
us  about  it  we  will  be  very  much  obliged.  I  have  the  very  great 
pleasure  of  introducing  Mr.  Brush. 

Mr,  Brush. — ^Mr.  Chairman  and  Gentlemen:    A  day  or  two  ago     ^*^^ 
Mr.  Mordecai  was  good  enough  to  ask  me  to  say  a  few  words  his- 
torically  about  the   electrical   interests   of   Cleveland.     This   is   a 
rather  large  subject;  he  said  he  wanted  me  to  occupy  perhaps  £ve 
minutes  or  so.    If  this  subject  were  treated  exhaustively  it  certainly 
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Address  by     would  fill  a  large  volume,  and  contain,  I  think,  many  interesting* 

Mr.  Brush         -.        . 

(continued).     Chapters. 

Cleveland  may  perhaps  be  justly  regarded  as  the  home  of  electric 
industries.  Many  of  the  most  important  of  these  industries  orig- 
inated here,  and  others  are  and  have  been  closely  associated  with, 
the  place. 

Away  back  in  the  Fifties  our  eminent  citizen,  the  late  J.  H. 
Wade,  was  the  first  General  Manager  of  the  Western  Union  Tele- 
graph Company;  after  that,  he  superintended  the  construction  of 
the  first  transcontinental  telegraph  line,  and  associated  with  it  sev- 
eral warring  telegraph  companies  in  California,  forming,  altogether, 
the  Pacific  Telegraph  Company,  of  which  he  was  the  first  Presidents 
Later,  he  succeeded  in  consolidating  this  company  with  the  Western 
Union  and  became  President  of  the  combined  concerns,  which  po- 
sition he  occupied  for  many  years. 

If  I  am  not  mistaken,  the  very  first  telephone  instruments  that 
left  Professor  Bell's  laboratory,  about  1876,  I  should  say,  were 
brought  to  Cleveland  by  one  of  our  enterprising  citizens,  Mr» 
Stockley,  and  exhibited  here.  This  was  soon  followed  by  the  erec- 
tion of  several  private  telephone  lines,  and  not  long  afterward  by 
the  organization  of  the  Cleveland  Telephone  Company  which  opened 
one  of  the  very  first  telephone  exchanges  in  existence;  I  don't  re- 
member the  exact  date  of  that. 

The  electric  arc-light  industry  originated  in  Cleveland  in  the 
late  Seventies.  Its  birth  was  marked  by  the  invention  and  develop- 
ment of  the  series  arc  lamp  in  1877  and  1878.  It  was  this  invention 
which  made  arc  lighting  from  central  stations  commercially  pos- 
sible. The  next  year,  1879,  witnessed  the  organization  here  of  the- 
first  central  lighting  station  in  the  world,  and  during  the  same  year 
our  public  square,  the  little  park  that  you  have  seen,  was  lighted  by 
twelve  arc  lights.  This  is  interesting,  because  it  was  the  first  in- 
stance anywhere  of  public  street  lighting  on  a  commercial  scale. 

Of  course,  the  carbon  industry  accompanied  the  arc-lightings 
industry;  it  was  necessary  to  it,  and  was  developed  here  in  connec- 
tion with  it,  and  is  an  industry  which  you  know  has  grown  to  large 
proportions.  Of  course  it  is  entirely  dependent  upon  the  growth  of 
the  arc-lighting  industry;  it  cannot  exceed  the  growth  of  that,  be- 
cause that  is  the  only  customer  for  its  product,  and  hence  the  growth 
of  the  carbon  business  forms  a  very  good  index  of  the  growth  of  the 
arc-lighting  industry.  It  is  interesting  to  note  that  within  the  first 
fifteen  or  twenty  years  of  the  beginning  of  the  business  the  annual 
consumption  of  carbons  had  reached  about  200  000  000. 

The  electric  storage  battery  was  also  invented  and  developed  here,, 
conmiencing  about  1878-79.  This  is  very  largely  used  now  in  power 
and  lighting  stations  as  well  as  for  the  propulsion  of  automobiles,. 
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and,   quite  appropriately,  electric  automobiles   are  now  built  in 
Cleveland  in  large  numbers. 

Electric  smelting,  another  of  the  industries  which  has  grown 
from  very  small  beginnings  and  reached  large  proportions,  was  in- 
vented and  developed  here  by  the  Cowles  Brothers  in  the  very  early 
Eighties. 

Some  of  the  very  earliest  pioneer  traction  work  was  done  here; 
this  is  especially  true  of  the  underground  trolley.  I  think  the  latter 
was  the  very  first  that  appeared  anywhere;  it  was  worked  on  quite 
a  large  scale  by  Messrs.  Bentley  and  I^ight,  two  young  men  from 
Washington. 

I  regret  to  note  an  exception  in  the  line  of  the  lighting  industry 
which  started  here,  but  I  must  say  that  the  incandescent  lamp  was 
not  invented  here,  as  you  all  know.  However,  one  of  the  earliest  and 
largest  factories  for  its  manufacture  was  established  here  in  con- 
nection with  the  arc  light. 

There  can  be  no  doubt  that  the  early  commercial  success  of  arc 
lighting  prompted  and  hastened  the  development  of  incandescent 
lighting  as  well  as  of  power  transmission  and  electric  traction;  it 
was  the  seed,  the  root,  the  parent,  from  which  these  industries 
sprang.  The  capital  invested  in  these  various  electrical  industries, 
the  seed  of  which  was  sown  here,  has  grown  from  virtually  nothing 
in  1878  to  more  than  $4  000  000  000  in  this  country  alone,  and  this 
remarkable  growth  is  increasing  at  a  greater  rate  than  ever,  while 
the  end  certainly  is  not  in  sight.  I  thank  you,  gentlemen,  for  your 
attention.    (Applause.) 

Mb.  Mordecai. — The  City  of  Cleveland  is  proposing  to  make 
very  extensive  improvements  in  its  public  buildings,  and  has  elabo- 
rated quite  a  large  plan.    I  will  ask  Mr.  Hill  to  explain  it  to  us. 

I  have  the  pleasure  of  introducing  Mr.  Thomas  W.  Hill,  Presi- 
dent of  the  City  Hall  Commission. 

Mr.  i-liLL. — Mr.  President  and  Members  of  the  American  Society  Address  by 
of  Civil  Engineers :  I  am  sorry,  on  your  account,  that  the  Chairman 
of  the  Grouping  Plan  Committee  of  our  Chamber  of  Commerce, 
Mr.  W.  G.  Mather,  is  out  of  the  city  and  therefore  unable  to  present 
to  you  an  explanation  of  this  important  feature  of  our  city's  notable 
improvements,  but  I  know  you  will  be  charitable  toward,  and  not 
expect  as  good  things  from,  a  substitute. 

Few  people  in  this  busy  conmiercial  age  appreciate  fully  the  de- 
sirability of  beauty  in  a  municipality,  but  civic  beauty  and  civic 
pride  are  twin  sisters.  The  World's  Fair  in  Chicago,  12  years  ago, 
was  undoubtedly  the  starting  point  of  American  ideas  as  to  the 
artistic  and  harmonious  arranging  of  public  buildings,  and  the  ex- 
positions that  have  been  held  since  have  emphasized  most  thoroughly 
the  possibilities  in  this  regard. 


Mr.  HllL 
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njy^Tnn^iSi-  In  this  city  the  group  plan  agitation  was  taken  up  and  started 
ttnued).  ten  years  ago  by  the  members  of  our  Architectural  Club.  Soon 
thereafter  our  Chamber  of  Commerce  also  took  up  the  matter,  giving 
it  their  unqualified  support,  and  appointing  a  committee  which  was 
assisted  by  two  members  from  each  of  the  three  commissions  having 
in  hand  the  projected  public  buildings.  Their  efforts  were  success- 
ful in  having  passed  by  the  State  Legislature  a  bill  providing  for  an 
exi)ert  commission  to  have  in  charge  and  direct  the  work.  Governor 
Nash  appointed  on  this  commission  Messrs.  Daniel  H.  Burnham, 
of  Chicago,  John  M.  Carrere  and  Arnold  W.  Brunner,  of  New  York, 
who  accepted  the  task,  and  in  August,  1903,  reported  the  plan  which 
is  hanging  before  you  here,  and  which  was  adopted  by  the  city. 
Since  that  time  the  efforts  of  the  city  have  all  been  in  the  direction 
of  the  fulfillment  of  this  plan.  The  expert  commission  in  their  re- 
port to  the  Mayor  said : 

"The  opportunity  of  grouping  the  principal  buildings  of  a  city 
of  the  size  of  Cleveland,  and  providing  for  them  the  proper  setting 
in  the  way  of  approaches  and  other  accessories,  has  never  before  come 
to  any  city." 

The  facts  were  that  the  Federal  Gk)vemment  had  commenced 
the  building  of  a  $3  000  000  Post  Office;  we  had  never  had  a  City 
Hall,  having  occupied  rented  quarters  for  more  than  30  years; 
had  absolutely  outgrown  our  County  Buildings,  erected  40  years  ago ; 
and  had  sold  the  Public  Library  and  Educational  Headquarters,  so 
that  there  were  four  new  building  projects  just  before  us.  The  group 
idea  is  growing  in  our  country.  Washington,  with  its  magnificent 
plan,  practically  bequeathed  by  the  Father  of  his  Country,  might  be 
mentioned  first  in  public  interest.  Harrisburg,  where  the  movement 
was  started  by  a  woman,  carried  a  favorable  vote  at  the  polls,  and 
that  small  city  is  to  spend  more  than  $1 000  000.  Buffalo,  Chicago, 
Baltimore,  St.  Louis,  New  York,  San  Francisco,  Detroit  and  Hart- 
ford are  all  doing  something  in  this  line.  Ottawa,  the  Canadian 
Capital,  is  trying  to  make  herself  the  Washington  of  the  North,  and 
Mr.  Bumham  has  been  sent  by  our  Government  to  the  capital  of 
our  far  eastern  territory  to  arrange  for  the  artistic  regeneration  of 
Manila. 

For  our  own  city^s  scheme,  we  have  bought  four  city  blocks  on 
the  lake  front,  which  are  located  four  blocks  from  the  present  City 
Hall  and  Superior  Street,  on  which  street  is  the  Hollenden  Hotel, 
your  convention  headquarters.  These  blocks  are  each  581  ft.  in 
length  and  262J  ft.  in  width,  and  contain,  including  the  streets  sur- 
rounding them,  9  acres.  They  abut  on  a  hillside  park  of  lOJ  acres, 
which  lies  between  them  and  the  tracks  of  the  Lake  Shore  Railway. 
Beyond  the  railway  tracks,  and  bordering  on  Lake  Erie,  there  will 
be  a  park,  of  made  land,  of  about  34  acres,  about  15  acres  of  which 
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are  now  filled  in,  and  ready  for  improvements.  The  four  blocks 
ooet  the  city  and  county  $1 650  000,  which  we  think  very  cheap  when 
we  consider  the  central  location  and  area.  The  buildings  found  on 
the  lots  were  mostly  old;  very  few  were  exi)ensive. 

There  are  two  plans  covering  the  same  territory.  The  first  only 
contemplates  the  purchase  of  enough  land  to  widen  Wood  Street  to 
530  ft.,  and  to  use  all  land  purchased  for  either  street,  sidewalk  or 
park  purposes.  The  land  would  cost  about  $2  500  000.  The 
other  and  broader  plan  is  to  purchase  all  the  land  between  Bond 
Street  on  the  east,  Superior  Street  on  the  south,  Ontario  Street  on 
the  west,  and  Lake  Street  on  the  north.  This  would  cost  about 
$3  000  000  more,  but  quite  a  large  portion  of  this,  it  is  planned,  would 
be  resold,  with  restrictions  as  to  the  kind  of  buildings  to  be  erected 
thereon,  thus  controlling  all  the  property  facing  either  the  Mall  or 
the  Public  Buildings.  The  City  Hall  is  expected  to  cost  $1  600  000; 
the  Court  House,  $3  500  000;  the  Library  and  Educational  Head- 
quarters, approximately,  $1 000  000 ;  the  improvement  of  the  Mall 
about  $900  000,  making  a  total  cost  for  land,  buildings  and  improve- 
ments of  about  $13  000  000.  Enough  land  would  probably  be  resold 
to  reduce  the  net  cost  by  $2  000  000  or  perhaps  $3  000000.  We 
estimate  that  the  grouping  plan  has  added  to  the  cost  about  25  to 
30%  more  than  what  would  have  been  expended  had  each  building 
been  erected  independently,  but  had  they  been  so  built,  smaller  and 
probably  much  more  expensive  sites  would  undoubtedly  have  been 
selected. 

A  brief  explanation  of  the  map  may  leave  the  situation  more 
clearly  in  your  minds. 

The  Government  Building  having  been  commenced,  the  architects 
were  obliged  to  make  it  the  axis  of  everything  they  planned.  After 
widening  Wood  Street,  the  plan  is  to  place  the  County  Building  at 
the  head  of  and  closing  Ontario  Street  north  of  Lake  Street.  The 
City  Hall  is  to  be  similarly  located  at  the  head  of  Bond  Street,  while 
the  present  City  Hall  site  would  be  occupied  by  the  Library  Building, 
thus  balancing  the  Federal  Building  at  the  south  end  of  the  Mall. 
It  is  hoped  and  expected  that  the  railroads  will  build,  at  the  north 
end  of  the  Mall,  a  Union  Station  which  will  be  in  harmony  with 
the  Public  Buildings.  The  passenger  steamers  would  then  land  their 
passengers  at  the  docks  at  the  foot  of  Erie  Street,  practically  all 
visitors  to  the  city  being  brought,  through  a  magnificent  entrance  or 
gateway,  into  a  most  attractive  and  impressive  section  of  the  city, 
so  that  their  first  impression,  usually  lasting,  could  not  help  but  be 
favorable. 

Our  citizens,  almost  unanimously,  approve  of  the  group  plan, 
and  consider  the  increased  cost  very  small,  when  compared  with  the 
permanent  advantage  of  executing  so  broad  an  architectural  plan. 
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A.ddre8Bby 
Ur.  Hill  (con- 
tinued). 


The  increased  value  to  surrounding  property  will  be  considerable,  as 
the  section  being  used  was  not  of  high  grade,  and  it  was  really  an 
excellent  move  to  tear  down  many  of  the  old  buildings,  they  having 
outlived  their  usefulness. 

Beyond  all  financial  consideration,  however,  the  city  will  derive 
large  benefits  from  its  foresight  in  preparing  the  way  for  what  must 
be,  if  consummated,  a  source  of  great  pride  in  the  years  to  come;  a 
civic  accomplishment  which  will  compare  most  favorably  with  the 
grand  architectural  effects  which- in  European  cities  command  the 
respect  and  admiration  of  the  world.     (Applause.) 

Mr.  Mordegai. — As  this  is  the  last  meeting  of  the  Society,  on 
behalf  of  the  local  membership  I  wish  to  thank  the  Convention  for 
their  kindness  in  coming  here,  and  wish  you  all  a  safe  and  happy 
journey  home.     (Applause.) 


Business  meet- 
ing resumed. 


BUSINESS  MEETING. 

(Adjourned  from  June  20th,  1905.) 

Thursday,  June  aad,  ipos*— The  President  resumed  the  chair. 

The  PREsmENT. — This  meeting  will  now  come  to  order  for  busi- 
ness. The  first  order  of  business  is  the  report  of  the  Board  of  Di- 
rection in  the  matter  of  the  resolutions  adopted  at  the  Annual 
Meeting,  January  18th,  1905,  relating  to  the  nomination  by  the 
Society  of  members  to  serve  on  technical  or  other  commissions. 

The  Assistant  Secretary  read  the  following: 


Beportre      REPORT  OF   BOARD  TO  THE   BUSINESS    MEETING  OF   THE 
*'^SSf"o2  CONVENTION    IN   RB    RESOLUTIONS    ADOPTED    AT    THE 

C^^S^ns.  ANNUAL  MEETING,  JANUARY  18th,  1905. 

"To  the  American  Society  of  Civil  Engineers: 

"At  the  Annual  Meeting  held  in  New  York  City,  January  18th, 
1905,  the  following  resolution  was  adopted : 

"(1)  Whereas,  It  has  been  at  times  in  the  past,  and  may  be  in 
the  future,  suggested  that  members  to  serve  on  technical  or  other 
commissions,  or  to  render  special  professional  services,  be  nomi- 
nated by  the  American  Society  of  Civil  Engineers,  and 

"(2)  Whereas,  No  provision  now  exists  in  the  Constitution  or 
rules  of  the  Society  authorizing  and  governing  the  making  of  such 
nominations. 

"(3)  Whereas,  It  is  proper  and  desirable  that  the  attitude  of  the 
Society  in  reference  to  making  such  nominations  shall  be  deter- 
mined and  expressed;  therefore, 

'^Resolved,  That  the  Board  of  Direction  be  requested  to  con- 
sider the  propriety  and  advisability  of  the  Society  making  such 
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recommendatioiis  or  nominations  from  among  its  own  members,  or 
others,  for  special  positions  or  services;  to  take  measures,  if  they 
fihall  deem  it  advisable,  to  ascertain  the  views  of  the  membership  on 
the  subject;  and  to  submit  to  the  next  Annual  Convention  its  con^ 
elusions  and  recommendations  in  the  matter. 

'^In  compliance  with  this  resolution,  the  Board  of  Direction  has 
considered  the  subject  matter  of  this  resolution  and  submits  to  the 
Society,  in  Convention  assembled,  its  conclusions  and  recommenda- 
tions, as  foUows: 

"The  Society  will  best  serve,  not  only  its  members  and  the  Pro- 
fession, but  also  the  Public,  by  limiting  its  activities  as  an  organi- 
zation to  the  objects  wisely  laid  down  in  its  Constitution,  viz,  : 

"  'The  advancement  of  Engineering  knowledge  and  practice  and 
the  maintenance  of  a  high  professional  standard  among  its  mem- 
bers.' To  attain  these  objects  provision  is  made  for  meetings  for 
social  and  professional  intercourse,  the  presentation  and  discussion 
of  papers,  the  publication  of  papers  so  presented  and  the  main- 
tenance of  a  library.  No  action  to  promote  the  personal  welfare  of 
members,  other  than  may  result  from  the  means  thus  specified,  is 
anywhere  provided  for,  but  on  the  contrary  the  true  intent  of  the 
Society  is  clearly  shown  in  the  definite  prohibition  of  papers 
^specially  advocating  personal  interests.' 

"To  further  guard  and  perpetuate  the  impartial  and  impersonal 
attitude  of  the  Society,  every  publication  of  papers  and  discussions 
is  preceded  by  the  statement  that  'The  Society  is  not  responsible,  as 
a  body,  for  the  facts  and  opinions  advanced  in  any  of  its  publica- 
tions.' 

"It  has  been  determined  that  in  pursuance  of  its  aims,  the  So- 
ciety may  with  propriety  confer  upon  members  who  have  contrib- 
uted papers  elucidating  marked  advances  in  principles  and  methods 
of  desigrn  and  construction,  premiums  commemorative  of  such  con- 
tributions; and  also  that  it  may  with  propriety,  either  alone,  or  in 
co-operation  with  other  scientific  organizations,  take  steps  toward 
the  formulation  of  expressions  of  opinion  as  to  the  best  methods  of 
securing  uniformity^  of  practice  in  the  investigation  of  engineering 
problems  of  a  particular  class,  and  the  form  in  which  the  results  of 
such  investigations  should  be  presented  in  order  to  be  readily  com- 
pared. 

"The  care  taken  in  the  selection  of  members  of  the  Society  to 
take  part  in  the  formulation  of  such  methods  of  procedure,  as 
evidenced  by  the  provisions  of  the  Constitution  on  that  subject, 
shows  very  clearly  the  caution  with  which  the  Society  approaches 
the  question  of  taking  any  action  which  may  lead  to  even  a  nominal 
expression  of  opinion  on  engineering  questions  concerning  which 
divers  opinions  may  be  properly  entertained.  The  subject  has  to  be 
considered  by  the  Board  of  Direction  and  also  by  the  Society  in  gen- 
eral meeting,  which  can  only  by  a  two- thirds  vote  direct  the  Board 
to  obtain  an  expression  of  opinion  from  the  Society  by  means  of  a 
letter  ballot,  and,  finally,  the  letter  ballot  fails  unless  an  unusually 
large  number  of  members  show  interest  in  the  matter. 

"This  very  deliberate  mode  of  procedure  was  adopted  by  tho 
Society  after  long  and  careful  consideration.     At  the  same  time  the 
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policy  of  the  Society  with  reference  to  such  special  committees  was 
thus  determined,  the  question  (now  again  raised)  as  to  the  propriety 
of  the  Society  to  take  part  in  the  appointment  of  Commissions  to 
investigate  subjects  of  local  interest  only,  was  also  very  thoroughly 
canvassed,  with  the  result  that  at  the  Annual  Convention  in  1876 
it  was  unanimously  resolved  'That  in  the  opinion  of  this  Conven- 
tion it  is  inexpedient  for  the  officers  of  the  Society  to  take  action 
upon  application  for  members  to  perform  professional  services.' 
This  has  been  the  prevailing  sentiment  in  the  Society  for  twenty- 
five  years,  and  no  apparent  reason  exists  for  any  change  in  its  policy 
and  practice  in  this  respect.  The  adherence  to  this  policy  has  re- 
sulted in  the  steady  advance  of  the  Society  in  efficiency  and  in- 
fluence, and  in  its  freedom  from  all  imputation  of  being  an  asso- 
ciation for  promoting  the  pecuniary  or  other  personal  interest  of  any 
of  its  members. 

"Prominent  among  the  disadvantages  that  would  accrue  from 
the  assumption  by  the  Society  of  the  selection  of  members  of  Boards 
or  Commissions  to  consider  questions  of  local  policy,  is  the  certainty 
that  strong  influences,  both  external  and  internal  to  the  membership^ 
would  be  brought  to  bear  on  the  agency  through  which  the  selections 
would  be  made,  and  that  such  influences  would  occasionally  extend 
even  to  the  composition  of  the  appointing  agency.  Furthermore  it 
is  certain  that  the  selection  by  the  Society,  of  persons  to  perform 
certain  duties  with  no  control  by  the  Society  over  the  manner  in 
which  such  duties  may  be  performed,  cannot  be  looked  upon  as  fur- 
thering the  advancement  of  engineering  knowledge  and  practice. 

"The  Board  of  Direction  is  therefore  of  the  opinion  that  the 
nomination  by  the  American  Society  of  Civil  Engineers,  or  by  its 
officers,  of  persons  to  serve  on  technical  or  other  Commissions,  or  to 
render  special  professional  services,  does  not  come  within  the  scope 
of  the  purposes  for  which  the  Society  was  organized  and  exists,  and 
that  the  making  of  such  nomination  is  not  advisable. 

"By  order  of  the  Board  of  Direction, 

"Chas.  Warren  Hunt, 

'^Secretary" 

May  2d,  1905. 


Report  ac- 
cepted and 
adopted. 


James  Owen,  M.  Am.  Soc.  C.  E. — ^If  it  is  necessary  to  have  a 
motion,  I  move  that  the  report  be  accepted  and  adopted. 

The  President. — Any  remarks?  All  in  favor  of  the  motion 
please  say  Aye ;  those  opposed  No.  The  ayes  have  it,  and  the  motion 
is  carried. 

The  next  business  is  the  time  and  place  for  holding  the  next 
Annual  Convention.  We  will  have  read  the  report  of  the  Secretary 
on  this  matter. 

The  Assistant  Secretary  read  the  following: 
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REPORT  OP  THE  SECRETARY  OF  VOTES  RECEIVED  AS  TO       Report  oa 
THE  TIME  AND  PLACE  FOR   HOLDING  THE  ^o?  nert*^ 

ANNUAL  CONVENTION  OF    1906.  ConvenUon. 

"Total  number  of  votes  received,  599. 

"As  to  the  place  of  holding  the  Convention,  as  follows : 


Duluth,   Minn : 348 

Boston,  Mass 28 

The  Thousand  Islands 22 

Chicago,  111 16 

New  Orleans,  La 11 

Saratoga,   N.   Y 11 

Denver,   Colo 10 

San  Francisco,  Cal 10 

Pittsburg,    Pa 10 

Washington,  D.  C 10 


New  York  City 8 

Mackinaw  Island 7 

Mexico  City,  Mex 7 

Havana,  Cuba 6 

Minneapolis,  Minn 6 

Panama 6 

Cleveland,    Ohio 4 

Montreal,    Canada 4 

Philadelphia,    Pa 4 


"The  following  have  3  votes  each : 

Atlanta,  Ga. 
Atlantic  City,  N.  J. 
Manhattan  Beach,  N.  Y. 

"The  following  have  2  votes  each : 


Birmingham,  Ala. 
Baltimore,  Md. 
Hot  Springs,  Va. 
Indianapolis,  Ind. 
Kansas  City,  Mo. 
Louisville,  Ky. 
Norfolk,  Va. 
Niagara  Falls,  N.  Y. 

"The  following  have  one  vote : 

Portland,  Me. 

Milwaukee,  Wis. 

Lake  Minnetonka,  Minn. 

Lake  Champlain. 

Special  Steamer  on  Great  Lakes. 

Vicinity  of  New  York. 

Chattanooga,  Tenn. 

Cincinnati,  Ohio. 

Cresson,  Pa. 

Paris,  France. 

White  Sulphur  Springs,  Va. 

Harrisburg,  Pa. 

St.  Louis,  Mo. 


Portland,  Oregon. 
Richmond,  Va. 
Sault  Ste.  Marie,  Mich. 
St.  Paul,  Minn. 
Seattle,  Wash. 
Toronto.  Canada. 
White  Mts. 


Salt  Lake  City,  Utah. 
Mt.  Desert,  Maine. 
El  Paso,  Texas. 
Yellowstone  National  Park. 
Detroit,  Mich. 
Cape  May,  N.  J. 
Memphis,  Tenn. 
Providence,  R.  I. 
New  England. 
New  England  Coast. 
Rochester,  N.  Y. 
Omaha,  Neb. 


"Any  summer  resort  with  hotel  large  enough  to  acconmiodate 
Convention,  6  votes. 
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»«port^^        "As  to  the  time  for  holding  the  Convention  the  following  rotes 
for  next       have  been  received: 

(oonttnued).    January 6     August    44 

February 3     September 18 

March    6  *  October   8 

April    10    November   2 

May   22     December    1 

June 256     Summer    '. ...     4 

July   106    Early  fall 1 

"KespectfuUy  submitted, 

"Chas.  Warren  Hunt, 

^^  Secretary/' 
"New  York,  June  15th,  1905." 

Biacuflslonon         The  PRESIDENT. — This  is  now  open  for  discussion.    Are  there 

Time  and  Place  «„«  rftmArkft? 
for  next  Ck>n-    ""^  remarKSS 

venttoiL  George  F.  Swain,  M.  Am.  Soo.  C.  E. — ^I  move  that  this  matter 

be  referred  to  the  Board  of  Direction  with  power. 

The  pREsroENT. — Any  remarks  ? 

(Cries  of  "Question  I") 

Emil  Swensson,  M.  Am.  Soo.  C.  E. — I  understood  there  was  a 
motion  to  be  made,  in  reference  to  the  report  which  the  Assistant 
Secretary  has  read;  in  other  words,  that  a  suggestion  by  one  of  the 
members  had  been  made  here  in  the  shape  of  an  amendment  or  some 
modification  oi  that  general  reference.  I  know  it  is  the  practice, 
and  always  has  been,  to  refer  this  to  the  Board;  at  the  same  time, 
at  a  number  of  conventions  where  these  votes  have  been  returned, 
there  has  always  been  some  suggestion  or  some  expression  of  opinion, 
not  with  a  view  of  binding  or  influencing  the  Board  in  any  other 
than  a  suggestive  way.  Those  who  happen  to  be  at  a  convention 
know  the  conditions,  and  knowing,  from  what  they  have,  what  they 
would  like  to  have  next  year,  an  amendment  might  bring  before  us 
a  thought  of  the  kind  of  a  place  at  which  we  would  like  to  meet,  and 
what  sort  of  a  convention  we  want  to  have.  It  has  always  seemed 
to  me,  from  attending  a  great  number  of  conventions,  that  a  suit- 
able place  for  this  Society  to  meet  woidd  be  a  large  hotel  where  all 
the  members  are  gathered  under  one  roof,  at  some  place  where  the 
air  is  pure,  and  where  life  smiles  upon  us  all;  and  I  understand 
that  the  suggestion  in  the  resolution  before  you  be  referred  to 
the  Board.  I  hope  that  the  Board  will  consider  it  and  think  of 
some  resort  on  the  coast  of  New  England,  or  on  the  Great  Lakes 
or  the  lakes  of  New  York,  or  at  the  Thousand  Isles,  or  some 
place  of  that  kind,  where  this  great  body  can  get  together  in  one 
hotel,  where  everybody  can  find  everybody  in  the  lobby,  with  plenty 
of  ventilation  and  plenty  of  fresh  air,  and  with  clear  heads  and  cool 
bodies  we  may  discuss  those  things  which  are  serious  and  play  with 
those  things  which  are  amusing. 
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The  President. — ^As  the  resolution  Has  alrewdy  been  introduced, 
I  suppose  this  has  to  come  in  the  shape  of  an  amendment. 

Mb.  Swensson. — ^I  offer  this  resolution: 

'^Resolved,  That  the  sense  of  this  meeting  is  that  the  1906  Annual 
Convention  of  the  American  Society  of  Civil  Engineers  be  held  at  a 
summer  resort  having  a  hotel  large  enough  to  accommodate  the 
entire  attending  membership,  and  that  the  time  of  holding  said  con- 
vention shall  be  the  latter  part  of  May  if  the  place  is  in  the  southern 
half  of  the  United  States,  and  in  the  first  part  of  June  if  the  place 
is  in  the  northern  half. 

'^And  it  is  further  Resolved,  That  the  selection  of  the  place  of 
meeting  be  referred  to  the  Board  of  Direction  with  power  to  act 
under  the  above  resolution." 

(Seconded.) 

Mr.  Mordecai. — Can  you  get  a  hotel  large  enough  to  allow  the 
Board  of  Direction  to  follow  out  that  resolution,  to  accommodate  all 
the  delegates  attending.  I  would  suggest  that  the  resolution  be 
modified  in  that  respect  as  much  as  possible. 

Mr.  Swensson. — ^It  is  modified  by  introducing  the  words  "if 
possible,"  and  accepted. 

The  President. — That  is  intended  to  be  an  amendment  to  Mr. 
Swain's  motion.    Mr.  Swain,  do  you  accept  the  amendment? 

Mr.  Swain. — I  accept  the  amendment. 

F.  A.  CoKEFAiR^  Assoc.  M.  Am.  Soc.  C.  E. — I  would  like  to  offer 
a  suggestion  as  to  the  time,  namely,  the  month  of  May.  I  represent 
the  interests  of  our  local  members  of  Duluth,  and  the  citizens  there 
are  very  anxious  that  this  convention  be  held  at  that  place.  The 
climate  is  not  desirable  in  the  month  of  May,  June  is  very  much 
better,  the  latter  part  of  June  would  be  very  desirable.  It  is  always 
cool  and  pleasant  at  that  time,  and  the  citizens  are  very  anxious 
that  this  convention  be  held  in  Duluth. 

Major  Charles  L.  Potter  was  appointed  by  our  local  members, 
nine  of  them,  and  by  the  citizens  of  Duluth,  to  be  present  at  this  con- 
vention, and  be  assured  that  the  convention  will  meet  next  year  in 
Duluth.  Major  Potter,  unfortimately,  on  account  of  the  limitation 
of  his  leave  of  absence,  was  obliged  to  leave  on  Tuesday,  and 
he  left  with  me  a  written*  statement  as  to  what  he  would  have  said 
at  this  meeting.  If  it  woidd  not  be  out  of  order,  I  would  like  to 
read  what  Major  Potter  has  to  say. 

The  President. — ^Do  the  members  present  desire  to  hear  Major 
Potter's  statement? 

Mr.  Greek. — This  being  in  writing,  wouldn't  it  be  quite  as  well 
if  that  was  presented  to  the  Board  of  Direction,  as  they  have  that 
question  in  hand. 

Mr.  Croes. — The  question  as  to  the  place  and  time  of  holding  the 
convention  will  not  be  determined  at  this  meeting.    It  has  always 
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JWacuiriojaoD   been  customary  to  place  the  matter  in  the  hands  of  the  Board  of 
Ttane and  Place  ■n,.       ^.        ^        -,        \  ,r«i  ^  .  i.    i      « 

for  Bert  Con-   Direction  for  them  to  arrange.     The  general  sentiment  of  the  So- 

(oontinned).  ciety,  with  reference  to  the  place,  having  been  determined  by  the 
vote  of  the  convention,  and  if  proper  accommodations  can  be  ob- 
tained in  the  locality,  not  necessarily  a  city,  but  adjacent  to  a  city 
or  to  some  special  district,  this  can  be  made  by  the  Board  of  Direc- 
tion only,  or  by  the  Secretary  at  times.  The  matter  is  left  generally 
to  the  Board  of  Direction  without  positive  instructions  as  to  time 
and  place,  and  I  think  that  that  will  be  preferable,  as  in  the  resolu- 
tion here.  We  are  not  here  to  listen  to  arguments  with  regard  to 
special  localities,  because  the  exact  time  and  locality  cannot  be  fixed 
by  this  Convention. 

Mr.  H.  S.  Haines. — ^I  suppose  that  if  Major  Potter  had  been 
present,  this  meeting  would  not  have  objected  to  hearing  what 
he  had  to  say  upon  this  subject,  and,  therefore,  out  of  respect  to 
the  gentleman,  I  should  think  that  we  should  hear  the  written  state- 
ment that  he  has  left  here.  Therefore,  I  move  that  Mr.  Cokefair 
have  permission  to  read  the  statement  which  Major  Potter  has  pre- 
pared. 

(Seconded,  put  and  carried.) 

The  President. — ^Mr.  Cokefair  will  kindly  read  the  statement. 

Mr.  Cokefair  then  read  the  following: 

"Cleveland,  June  20,  1905. 
'TifR.  F.  A.  Cokefair, 

'TDear  Sir: — ^I  regret  that  the  matter  of  the  location  of  the  next 
meeting  of  the  American  Society  of  Civil  Engineers  did  not  come  up 
to-day,  as  I  am  forced  to  leave  town  to-night.  I  have  hurriedly 
written  about  what  I  would  have  said,  and  request  that  you  read  the 
same  to  the  members,  adding  whatever  remarks  you  may  wish  to 
make  in  regard  to  the  matter. 

"Very  respectfully, 

"Chas.  L.  Potter." 

"Cleveland,  O.,  June  20,  1905. 
"To  the  Members  of  the  American  Society  of  Civil  Engineers, 

"Gentlemen  : — I  come  here  to  represent  a  small  city  in  the  Great 
Northwest — ^Duluth — the  city  that  made  Proctor  Knott  famous. 
We  want  the  American  Society  of  Civil  Engineers  to  hold  its  next 
annual  convention  with  us. 

^'Whenever  the  word  Duluth  is  mentioned,  it  generally  brings 
forth  a  shiver  and  a  request  for  information  as  to  how  many  weeks 
it  takes  to  get  there  and  back.  But  Duluth  is  not  inaccessible,  it 
can  be  reached  in  about  twelve  hours  from  Chicago  by  one  of  the 
best  equipped  trains  in  the  Northwest,  and  from  Minneapolis  and  St. 
Paul  by  at  least  nine  first-class  trains  every  24  hours,  and  it  can  be 
reached  by  boat  from  Buffalo  in  4  days,  making  one  of  the  most 
beautiful  trips  in  the  world. 

"Three  large  steamers,  the  Juniata  and  Tionesta,  of  the  Anchor 
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Line,  and  the  North  West,  of  the  Northern  Steamship  Company — 
three  floating  palaces — cover  this  route.  They  leave  Buffalo  and 
make  their  first  stop  at  the  beautiful  City  of  Cleveland,  then  at 
Detroit,  Mackinac  Island,  the  Soo,  Marquette,  Houghton,  and  finally 
Duluth.  They  pass  by  daylight  through  the  Detroit  River,  St.  Clair 
River,  St.  Mary's  River  and  the  Portage  Lake  Ship  Canals,  in  all 
of  which  the  Government  has  done  extensive  works  of  improvement. 
They  stop  at  Mackinac  long  enough  to  drive  aroimd  the  beautiful 
island.  Undoubtedly,  the  stop  at  the  Soo  can  be  made  long  enough 
to  visit  the  power  plant  of  the  Lake  Superior  Company,  and  at 
Houghton  long  enough  to  visit  the  great  Calumet  and  Hecla  copper 
mine,  its  stamp  mills  and  smelters. 

"At  Duluth  you  will  have  one  of  the  greatest  lessons  to  be  found 
anywhere  in  the  expeditious  handling  of  freight  from  land  to  water, 
and  from  water  to  land.  Duluth-Superior  Harbor  ranks  fourth 
among  the  ports  of  the  United  States  in  receipts  and  shipments  of 
freight,  and  when  you  remember  that  this  tonnage  is  handled  in  an 
open  season  of  from  7  to  8  months,  you  can  get  some  idea  of  the  rate 
at  which  the  work  is  carried  on. 

"Duluth-Superior  Harbor  is  one  of  the  finest  natural  harbors  in 
the  country,  having  49  miles  of  available  water  front.  We  have  the 
largest  ore  docks  in  the  world,  the  largest  elevator  in  the  world ;  saw 
mills  that  turn  out  from  400  000  000  to  600  000  000  ft.  of  lumber 
each  year;  a  most  modern  blast  furnace,  with  coke  ovens  attached; 
the  largest  draw-bridge  in  the  world,  and  the  aerial  ferry — the  only 
one  in  the  United  States,  and  the  third  in  the  world. 

'^ut,  I  think,  the  invitation  and  circulars  sent  out  by  our  Com- 
mercial Club  give  you  all  of  these  attractions  and  statistics. 

"As  trips  of  interest,  we  have  first  the  Minnesota  iron  mines. 
To  the  majority  of  you  this  probably  means  simply  holes — dark 
holes — in  the  ground,  but  most  of  our  mines  are  different  from  any- 
thing else  in  the  country  in  that  there  are  no  shaft  houses  and  hoist- 
ings rigs,  but  plain  open  pits,  some  of  them  covering  hundreds  of 
acres,  where  the  iron  is  mined  with  steam  shovels  on  railroad  tracks, 
dumped  into  cars  and  started  directly  on  its  long  journey  by  land 
and  water  to  Pennsylvania,  which  only  a  few  years  ago  was  prac- 
tically the  only  iron-producing  State.  When  once  started  it  never 
stops  until  its  journey  is  finished;  the  time  of  transfer  from  rail  to 
steamer  is  so  slight  that  it  cannot  be  considered  as  a  stop,  but  merely 
a  slowing  down  for  a  few  minutes.  Several  of  these  mines  reach 
their  million  tons  per  annum,  and  the  cost  of  mining,  loading  and 
starting  on  its  long  journey  is  only  a  few  cents  per  ton. 

"To  these  mines,  which  lie  70  miles  north  of  Duluth,  free  trans- 
portation, by  special  train,  will  be  furnished  to  members. 

"The  second  trip  of  interest  will  be  the  harbor  of  Duluth-Superior, 
with  its  many  plants  for  handling  ore,  coal,  grain  and  lumber.  Boat 
transportation  will  be  furnished  free,  and  an  opportunity  given  to 
see  many  interesting  features,  including  the  plants  just  mentioned, 
the  blast  furnace  with  its  coke  ovens,  and  the  Government  works  of 
improvement. 

"At  the  Superior  Entrance  to  the  Harbor,  the  Government  will 
be  doing  a  work  which  has  attracted  engineers  from  all  over  the 
country  and  Europe,  and  even  far-off,  but  mighty,  little  Japan.  The 
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BiscussioQ  on  work  ooBsists  of  putting  concrete  successfully  in  mass  at  a  depth  of 

"toriiMt Con?  22  it,  under  water  in  two  canal  piers  over  a  mile  in  combined  lengtib» 

vention       and  containing  nearly  100  000  cu.  yd.  of  concrete,  80%  of  which  will 

(continued).    ^  under  water  when  completed.    An  inspecting  engineer,  now  a 

member  of  the  Panama  Canal  Commission,  stated  that  he  believed 

there  was  no  better  place  in  the  world  to  see  the  successful  handling 

of  concrete  under  peculiar  conditions. 

"As  a  third  point  of  interest,  the  Great  Northern  Power  Company 
is  developing  electrically  the  St  Louis  Kiver  above  Duluth,  and 
free  transportation  will  be  furnished  to  its  works.  As  to  what 
ia  being  done,  my  colleague,  Mr.  Cokef  air,  will  tell  you  something 
after  I  have  finished. 

"As  a  last,  but  by  no  means  least,  attraction,  the  members  and 
the  ladies  (of  course,  the  ladies  are  included  in  all  of  the  trips)  will 
be  taken  over  the  quite  famous  Boulevard  Drive,  along  the  hill  sev- 
eral hundred  feet  above  Lake  Superipr  and  overlooking  the  cities, 
the  harbor  and  the  lake. 

''We  have  only  a  few  members  in  Duluth,  but  we  will  try  to  make 
you,  if  you  so  favor  .us,  remember  pleasantly  your  visit  to  the 
'Zenith  City  of  the  Unsalted  Sea.' " 

Mr.  Oberlin  Smith. — ^Will  Mr.  Cokef  air  please  tell  us  something 
about  the  hotel  facilities,  and  whether  there  is  a  large  hotel? 

Mr.  Cokefair. — The  largest  hotel  there  is  the  Spaulding,  185 
rooms;  there  are  four  other  hotels,  within  one  or  two  blocks  of  each 
other,  having  altogether  530  rooms,  also  a  first-class  hotel  in  Superior, 
a  few  miles  by  trolley,  with  150  rooms.  We  thought  perhaps  wo 
might  charter  a  steamer  and  the  members  live  aboard  it.  There  is  a 
good  assembly  room  at  the  Spaulding  Hotel;  and  the  High  School, 
which  is  the  largest  in  the  world,  has  a  very  fine  assembly  room 
which  we  could  use.  Duluth  people  are  very  enthusiastic  about 
having  you  come  there,  and  I  am  sure  they  will  co-operate  with  the 
committee  to  make  everything  enjoyable.  The  climate  is  excellent 
in  the  latter  part  of  June.  We  have  a  number  of  golf  clubs,  yacht 
clubs  and  clubs  of  all  sorts,  and  beautiful  drives.  I  think  it  has  all 
the  features  which  one  of  the  members  just  spoke  of  as  requisite  for 
a  successful  meeting  place. 

W.  M.  Hall,  M.  Am.  See.  C.  E. — ^In  view  of  the  number  of  votes 
cast  for  the  meeting  at  Duluth,  and  in  view  of  the  statement  that 
has  been  made,  I  would  like  to  make  a  motion  that  the  Board  of 
Direction  consider  the  advisability  of  meeting  at  Detroit  and  decid- 
ing on  one  of  these  steamers  from  Detroit  to  Duluth,  and  ending  the 
annual  convention  at  Duluth.  I  simply  make  that  as  a  suggestion 
that  the  Board  of  Direction  consider  such  a  matter. 

Mr.  Swain. — At  a  meeting,  and  a  very  large  meeting,  having 
voted  for  Duluth,  I  think  I  ought  not  to  accept  the  amendment 
which  has  been  made,  and  I  would  ask  tha%^  that  be  voted  on  first 
according  to  the  usual  rule. 

The  Assistant  Secretary. — The  original  motion  was  that  th** 
matter  be  referred  to  the  Board  with  power. 
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Mr,  Swain. — 1  would  like  to  suggest  that  I  made  a  substitute 
motion  that  the  whole  matter  be  referred  to  the  Board  with  power. 
I  withdraw  my  acceptance  of  Mr.  Swensson's  amendment. 

The  President. — The  original  motion,  as  the  Chair  understands 
it,  is  to  refer  that  matter  to  the  Board  of  Direction  with  power  to 
act.    All  in  favor  of  the  motion,  please 

A  Member. — I  rise  to  a  point  of  order.  I  believe  Mr.  Swensson's 
amendment  has  not  been  acted  on. 

A  Member. — ^I  will  second  that  amendment  of  Mr.  Swensson's, 
80  as  to  bring  it  before  the  Society. 

The  President. — Then  the  amendment  should  be  disposed  of 
first. 

N.  P.  Lewis,  M.  Am.  Soo.  C.  E. — ^Mr.  President,  the  amendment 
by  Mr.  Swensson  is  before  the  house,  I  believe.  It  seems  to  me  that 
there  was  a  limitation  in  that  amendment  which  might  prove  unfor- 
tunate and  embarrassing.  If  I  remember  correctly,  it  was  to  the 
effect  that  the  convention  should  be  held  in  the  first  part  of  June  if 
it  is  held  in  the  northern  half  of  the  country.  It  seems  to  me  that 
limitation,  ''the  first  part  of  June,"  might  be  unwise,  and  that  it 
would  be  better  to  say  in  the  month  of  June,  if  Mr.  Swensson  would 
accept  that.  If  he  will  accept  it,  I  understand  the  amendment  will 
take  that  form. 

(Besolution  re-read  by  the  Assistant  Secretary.) 

Upon  a  vote  being  taken,  the  President  declared  the  amendment 
carried. 

Mr.  Cokefair. — I  move  that  an  informal  vote  be  taken  to  show 
the  sense  of  this  meeting  as  to  the  place  for  next  year's  convention. 

The  President. — The  vote  of  the  whole  Society  is  expressed  in 
the  Secretary's  report.    Duluth  has  received  348  votes  out  of  599. 

A  Member. — Do  I  understand  that  this  motion  which  has  been 
carried  commits  the  Board  of  Direction  to  the  first  part  of  the  reso- 
lution, that  is,  preventing  it  from  deciding  in  favor  of  Duluth  ? 

The  Prestoent. — ^I  don't  think  so.  This  resolution  does  not 
prevent  the  Board  from  selecting  any  place  after  the  Board  is  satis- 
fied that  the  members  attending  the  meeting  can  be  accommodated, 
that  is  one  of  the  points  in  that  motion.  There  should  be  hotel 
accommodations  for  the  members  attending  the  meeting. 

A  Member. — Mr.  President,  as  I  remember  the  resolution,  it 
spoke  of  a  place  in  which  one  hotel  should  be  large  enough  to  accom- 
modate the  members  under  one  roof. 

Mr.  Mordecai. — I  suggested  that. 

The  President. — It  doesn't  bind  the  Board  of  Direction  in  any 
way.  The  Assistant  Secretary  will  now  read  the  report  from  the 
Secretary  on  the  International  Engineering  Congress. 

Thereupon,  the  Assistant  Secretary  read  the  following: 
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Report  to  the  Business  Meeting  in  Relation  to  the  International 

Enqineerino  Congress  op  1904. 

The  International  Engineering  Congress  publications  have  all 
been  finished  and  issued,  and  the  following  is  a  brief  summary  of 
this  work,  which  may  be  of  interest: 

"The  conduct  of  this  Congress,  including  the  entire  cost,  was 
assumed  by  the  Society,  through  the  Board  of  Direction,  January 
5th,  1904.  It  was  determined  that  all  members  of  the  Society  be 
made  Members  of  the  Congress,  and  that  others  might  become 
Members,  entitled  to  receive  all  the  publications  of  the  Congress,  on 
payment  of  a  fee  of  $5.  In  view  of  the  number  of  papers  received, 
it  became  necessary  to  increase  this  fee  on  July  1st  to  $10.  After 
the  Congress  was  over,  the  price  was  fixed  at  $5  per  volume,  with  a 
discount  of  26%  to  Libraries,  Technical  Societies,  Schools,  etc. 
The  total  amount  received  to  date  from  all  these  sources  is  $3  858.10. 

"The  first  paper  was  received  on  March  29th,  1904,  and  between 
this  date  and  October  1st,  83  papers  were  edited,  printed  in  advance 
form,  and  circulated  through  Engineering  Societies  throughout  the 
world  for  the  purpose  of  securing  discussion. 

"The  details  of  the  large  and  international  attendance  at  the 
Congn^ess  in  St.  Louis  have  already  been  published  in  Proceedings 
(Vol.  XXX,  page  414). 

"Since  the  Congress,  a  stenographic  report  has  been  forwarded 
for  revision  to  each  of  those  who  contributed  to  the  oral  discussion, 
and  after  these  had  been  returned  they  were  collated  with  the 
Papers  and  Written  Communications  on  the  general  subject.  The 
Author  of  each  paper  was  given  an  opportunity  to  close  the  discus- 
sion, and  the  whole  was  published  in  six  volumes,  which,  for  the 
convenience  of  Members  of  the  Society,  were  designated  Parts  A, 
B,  C,  D,  E  and  F  of  Vol.  LIV  of  Tramactiona. 

"There  were  36  specially  selected  subjects  discussed,  and  283 
persons  contributed  either  Papers,  Discussions  or  Translations. 

"Eighteen  Nationalities  were  represented,  as  follows: 

» 

Country.  Papers.     Discussions.      Total. 

United  States 50  211  261 

Great  Britain 10  38  48 

France   18  9  27 

Germany   11  11 

The  Netherlands 7  2  9 

Australia 7  7 

Switzerland 1  6  7 

Japan   5  . .  5 

Sweden 4  4 

India 3  3 

Canada 1  2  3 

Denmark    1  2  3 

Argentine  Republic 2  2 

Austria 1  1  2 

Belgium 1  1  2 

Russia    1  1  2 

Cuba 1  1 

Corea    1  1 

Totals 96  302  398 
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"The  publications  of  the  Congress  cover  3  398  pages,  with  ^89 
illustrations. 

"The  edition  printed  of  each  volume  was  4  000,  and  separate 
pamphlets,  covering  each  of  the  subjects,  have  also  been  printed  for 
the  convenience  of  those  who  do  not  care  to  purchase  the  entire  set 
In  all,  43  575  separate  pieces  have  been  handled. 

"3  212  Members  of  the  Society,  388  Subscribers,  and  66  Authors 
(not  members  of  the  Society),  a  total  of  3  666,  have  been  supplied. 

"It  is  not  possible  to  give  the  exact  cost  of  the  work  of  this  Con- 
gress, because  some  bills  for  printing  are  still  outstanding,  but  a  care- 
ful estimate  of  these  shows  that  the  total  gross  cost  to  the  Society, 
including  all  preliminary  and  other  expenses,  will  be  approximately 
$35  000.  Deducting  the  amount  received  to  date  for  subscriptions, 
etc.,  the  net  cost  to  date  is  about  $31000,  which  will  be  reduced 
somewhat  by  future  sales. 

"Chas.  Warren  Hunt, 

"Secretary/* 

"New  York,  June  14,  1905." 

The  PREsroENT. — This  is  just  a  report  for  information  and  re- 
quires no  action. 

Is  there  anything  under  the  head  of  Unfinished  Business  ? 

Eobert  Moore,  PAST-PREsroENT,  Am.  Soc.  C.  E. — Mr.  President    sn^eerioc 
and  Gkntlemen:    It  may  possibly  be  of  interest  to  those  who  are  i^^J^^JS^g 
assembled  here  to  say  a  word  in  regard  to  the  exhibit  which  the      ofVo^ia 
Society  authorized  at  the  St.  Louis  World's  Fair,  and  I  do  this  Worid'sFair. 
on    behalf    of    the    conunittee.    The    purpose    of    this     exhibit, 
on  the  part  of  the  Committee,  was  primarily  to  render  service  to  the 
visiting  members  and  to  our  guests,  foreign  engineers  from  all  parts 
of  the  world,  and  this  was  the  primary  object  held  in  view  by  the 
Committee  from  the  start.    With  that  in  view,  they  established 
Headquarters  in  the  center  of  the  Liberal  Arts  Building,  arranged 
for  constant  attendance  and  for  persons  to  render  the  visiting  en- 
gineers all  possible  assistance  and  information  that  they  could;  at 
the  same  time  a  booth  was  put  up — ^you  will  all  remember — in  which 
the  exhibits  by  Members  of  the  Society  were  displayed.    I  will  not 
say  anything  about  the  character  of  that  booth,  nor  the  character  of 
the  exhibits,  which  you  have  seen  no  doubt  for  yourselves,  but,  as 
expressing  the  verdict  of  the  Louisiana  Purchase  Exposition,  and  the 
Jury  of  Awards,  I  will  say  that  the  exhibit  of  the  Society,  which 
was  a  collective  exhibit,  received  a  Grand  Prize,  which  is  the  highest 
possible  award  that  they  could  make. 

A  diploma  conveying  this  award  will  in  due  time  be  forwarded  to 
the  Society,  and  under  the  rules  of  the  Exposition,  a  copy  of  this 
diploma  will  also  be  forwarded  to  every  member  who  contributed  to 
this  exhibit.  I  will  further  say  that,  of  the  total  appropriation  of 
$8  000  made  by  the  Society  for  this  purpose,  $1 000  was  never  drawn 
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by  the  Committee.  Of  the  $7  000  which  was  drawn,  about  $200  was 
returned  after  all  the  bills  were  paid.     (Applause.) 

Mr.  Mordecai. — ^I  think  we  all  regret,  especially  the  local  mem- 
bers, the  absence  of  Mr.  Hunt.  I  therefore  would  move  that  the 
Assistant  Secretary  be  authorized  to  send  him  a  telegram  expressing 
our  regret  at  his  absence,  and  our  hope  that  he  will  soon  regain  his 
usual  health. 

Seconded,  and  carried  unanimously. 

Mr.  Owen. — ^Mr.  President,  I  think  it  will  be  in  order  at  this 
time,  before  we  finally  adjourn,  to  make  a  motion  that  the  thanks 
of  the  American  Society  of  Civil  Engineers  be  tendered  to  the  Local 
Committee  of  this  Society,  and  also  to  all  the  different  org^anizations 
in  the  City  of  Cleveland,  for  the  kind  and  generous  courtesies  we 
have  received,  and  the  royal  manner  in  which  they  have  entertained. 

L.  L.  TRrous,  M.  Am.  Soc.  C.  E. — ^I  was  about  to  make  tiie  same 
motion,  and  so  I  will  very  heartily  second  that. 

Motion  carried  unanimously  by  a  rising  vote. 

Mr.  Mordecai. — On  behalf  of  the  Local  Committee,  I  thank  the 
Society  for  the  vote. 

The  President. — The  time  for  adjournment  is  about  here,  but 
there  was  a  motion  pending  at  our  first  meeting  in  reference  to  the 
proposed  formation  of  local  associations  of  members  of  the  American 
Society  of  Civil  Engineers.  The  Chair  wishes  to  state  that  this 
subject  is  not  put  before  this  meeting  for  any  action.  The  Board 
simply  desires  an  expression  of  opinion  on  this  subject  from  the 
members  coming  from  different  sections  of  the  country.  All  the 
action  which  can  be  taken  on  this  subject  has  already  been  taken  by 
the  Board.  That  is,  all  the  action  which  can  be  taken  within  the 
limits  of  the  Constitution  and  By-Laws  of  the  Society.  They  report 
simply  as  giving  the  members  of  the  American  Society  of  Civil 
Engineers,  residing  at  different  places,  the  rights  which  they  already 
have,  or  rather  recogpizing  the  rights  which  they  already  have  in 
forming  associations.  Mr.  Green,  will  you,  therefore,  kindly  with- 
draw your  motion? 

Mr.  Green. — ^I  certainly  do  if  it  is  declared  out  of  order,  or 
unnecessary.  At  the  time  I  made  the  motion  I  think  I  explained 
that  I  did  not  know  just  what  we  were  exi)ected  to  do  in  regard  to 
the  report  on  this  subject,  and  I  thought  it  meant  that  some  action 
was  expected.  My  idea  was  that  it  should  be  agreeing  with  the 
Board.  I  understand  now  that  it  was  only  to  obtain  the  ideas  of 
the  different  members  on  the  subject.  The  Board,  I  understand,  has 
the  right  to  organize  and  report  any  of  the  organizations  of  members 
that  may  be  formed. 

The  Assistant  Secretary. — I  believe  it  would  not  be  en- 
tirely out  of  place  for  Mr.  Green  not  to  withdraw  his  motion.     That 
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motion  is  that  the  suggestion  of  the  Board  of  Direction  of  the  plan 
for  the  organization  of  local  associations  of  this  Society  he  approved 
hy  this  meeting.  There  will  he  no  harm  in  approving  that.  It  is 
merely  an  expression  of  opinion  of  the  Convention  as  to  the  action 
of  the  Board. 

Me.  Greek. — ^In  that  line,  Mr.  President,  I  renew  the  motion,  that 
the  meeting  approve  the  proposition  of  the  Board  of  Direction. 

The  PBEsroENT. — ^Any  remarks? 

Mr.  Croes. — The  action  of  the  Board  is  simply  that  the  Board 
recommends  that  wherever  possible  steps  be  taken  calling  the  atten- 
tion of  the  membership  to  this  matter,  and  that  such  associations  be 
formed;  and  then  it  states  the  conditions  under  which  such 
associations  may  be  organized  entirely  as  parts  of  the  American 
Society  of  Civil  Engineers,  without  introducing  members  of  other 
societies  and  allowing  them  to  call  themselves  members  of  a  chapter 
or  section  or  local  association,  or  whatever  it  is. 

(Cries  of  "Question!") 

Now,  if  any  motion  is  necessary  at  all,  it  is  a  resolution  to  the 
effect  that  the  action  of  the  Board  be  approved. 

The  PREsroENT. — ^The  motion  has  been  seconded.  It  is  as  fol- 
lows: "That  the  suggestion  of  the  Board  of  Direction  of  the  plan 
for  the  organization  of  local  associations  of  this  Society  be  approved 
by  this  meeting." 

Motion  put  and  carried. 

The  pREsroENT. — Are  there  any  announcements  to  make  ? 

W.  J.  Carter,  M.  Am.  Soo.  C.  E. — On  Friday  the  boat  will  leave    Announce- 
the  foot  of  Superior  Street  for  Lorain,  at  9:30  a.  m.,  and  returning       ™ 
will  reach  the  city  at  5  p.  m. 

Mr.  Mordecal — ^I  will  also  state,  as  to  the  trip  to  the  manufactur- 
ing plants  this  afternoon,  that  we  would  like  to  accommodate  the 
convention  in  every  way  possible,  to  see  what  they  will,  but  we  would 
like  them  also  to  accommodate  the  Local  Committee  in  their  group- 
ing. If  they  want  to  see  the  plants  in  the  same  or  about  the  same 
localily  we  would  like  to  put  them  all  together.  I  think  the  Local 
Committee  has  arranged  that  the  members  of  the  convention  will 
be  received  by  all  except  the  Eefining  Works  and  the  National  Car- 
bon Works.  If  you  will  leave  your  names  with  the  Assistant  Secre- 
tary, stating  what  works  you  want  to  see,  it  will  be  satisfactory. 

E.  L.  Verveer,  Assoc.  M.  Am.  See.  C.  E. — Owing  to  the  unfore-  ReBoiution  in 
seen  accident  on  the  Lake  Shore  Railroad  last  night,  I  believe  the    the  Death  of 
result  has  been  in  the  death  of  Mr.  Charles  Wellman,  and  also  Mr.  weuSnand 
T.  R  Morgan,  of  The  Wellman-Seaver-Morgan  Engineering  Com-       Morgan, 
pany.    I  think  that  as  Mr.  Seaver,  and,  I  believe,  Mr.  Wellman  are 
both  members  of  this  Society,  it  becomes  the  Society 

A  Member. — They  are  not  members ;  Mr.  Seaver  is. 
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Resolutions  Mr.  Verveer. — ^I  think  it  proper  for  the  Society  to  express  a 

(continued),  ^^^g  q£  regret  at  this  sad  accident.  I  should  like  also  to  be  en- 
lightened by  the  Local  Committee  as  to  whether  it  would  be  proper 
to  visit  their  plant  to-day,  under  the  circumstances. 

Mr.  Mordegai. — ^I  had  a  telephone  message,  just  before  the  meet- 
ing, stating  that,  under  the  circumstances,  they  would  not  like  to 
open  their  works. 

Mr.  Verveer. — Then,  Mr.  President,  I  think  it  proper,  and  I 
would  like  to  offer  a  motion,  that  we  express  a  vote  of  sympatliy  to 
the  firm,  to  Mr.  Seaver  and  Mr.  Wellman,  in  that  sad  occurrence 
which  happened  last  evening. 

The  President. — Put  your  motion  in  writing. 

Seconded  and  carried. 

A  Member. — I  would  like  to  move  that  the  Society  express  to  our 
Secretary,  Mr.  Hunt,  our  gratitude  for  his  arduous  labor  in  con- 
nection with  the  work  of  the  Engineering  Congress  last  year,  and 
our  appreciation  of  the  manner  in  which  that  work  has  been  done. 

Seconded  and  carried. 

The  Assistant  Secretary. — ^Members  of  the  Nominating  Com- 
mittee should  know  that  their  meeting  will  be  held  in  Parlor  K  at 
8  o'clock  this  evening. 

The  President. — This  meeting  will  please  come  to  order.  There 
is  a  gentleman  here  who  has  a  resolution  to  offer. 

Mr.  Moore. — ^Mr.  President,  I  desire  to  offer  a  motion  that  the 
thanks  of  this  Convention  be  extended  to  the  officials  of  the  Erie 
Railway  for  the  courtesies  in  extending  free  transportation  to  mem- 
bers coming  to  this  Convention,  which  was  apparently  omitted. 

Mr.  Green. — ^Isn't  the  object  of  recalling  the  meeting  to  injure 
that  that  motion  which  was  passed  here — thanking  the  Local  Com- 
mittee, hotel  people,  railway  company  and  everybody  else,  and  every 
other  organization  which  has  contributed  to  the  success  of  this 
Convention  here,  and  to  its  pleasure — ^wasn't  that  motion  intended  to 
cover  every  one  of  these,  and  have  them  specified  by  name  when 
it  comes  to  be  written  out,  as  in  previous  conventions?  Mr.  Hunt 
generally  made  up  the  list,  and  looked  out  that  it  was  all  prepared 
beforehand  so  that  it  would  include  every  one.  The  list  can  be 
made  up  so  that  they  shall  all  be  included  by  name  individually. 

A  Member. — When  Mr.  Owen  made  this  motion  I  asked  him  to 
include  the  Erie  Railway  and  he  replied  that  it  was  customary  to 
tabulate  the  different  ones  who  had  tendered  courtesies  and  kind 
reception,  and  that  in  this  tabulation  the  Erie  Railway  would  be 
included. 

Mr.  Verveer. — I  think  that  under  the  circumstances  the  Erie 
Railroad  has  extended  such  exceptional  courtesies  that  it  would  be 
quite  appropriate  to  make  a  special  resolution  in  their  favor. 

Seconded. 
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Mr.  Moore. — With  that  understanding  I  will  let  my  motion  stand. 
I  think  they  certainly  are  entitled  to  a  special  vote  for  the  courtesy 
which  they  offered. 

Carried. 

Adjourned.  Adjourned. 

EXCURSIONS  AND  ENTERTAINMENTS  DURING  THE  THIRTY- 
SEVENTH  ANNUAL  CONVENTION, 

The  arrangements  for  the  Convention  were  in  the  hands  of  the 
following  Committees: 

Committee  of  the  Board  of  Direction: 
Alfred  Craven,  Chairman; 

N.  P.  Lewis,  Charles  S.  Gowen, 

W.  J.  WiLGUS,  Chas.  Warren  Hunt. 

Committee  of  Local  Members: 

A.  Mordecai,  Chainnan; 

Wm.  J.  Carter,  F.  C.  Osborn, 

Harrt  Fuller,  W.  P.  Eice, 

E.  A.  Handy,  J.  Kitchie, 

A.  M.  Johnston,  W.  H.  Searles, 

M.  W.  KiNGBLEY,  S.  T.  Wellman, 

J.  FRANas  Le  Baron,  C.  H.  Wright. 

By  courtesy  of  the  Erie  Railroad,  a  special  train,  on  which  the 
transportation  was  free,  was  provided  for  the  members  of  the  Society 
and  their  families  from  New  York  to  Cleveland.  The  party  left 
New  York  at  1  p.  m.  on  Monday,  June  19th,  1906,  and  arrived  at 
Cleveland  at  G.4(  a.  m.  next  day. 

The  Erie  Kailroad  Company  also  issued,  upon  application,  passes^ 
for  all  members  of  the  Society,  and  their  families,  good  on  any  of 
its  lines  up  to  June  30th. 

By  courtesy  of  the  Lake  Shore  and  Michigan  Southern  Railroad 
Company,  members  of  the  Society  from  Chicago  were  also  presented 
with  free  transportation  over  that  company's  road. 

In  the  afternoon  of  Tuesday,  June  20th,  the  Local  Committee 
provided  carriages  for  all  members  of  the  Society  for  a  drive  around 
the  city,  through  the  parks,  and  to  the  Country  Club,  where,  by 
courtesy  of  the  Club,  refreshments  were  served. 

In  the  afternoon  of  Wednesday,  June  21st,  visits  werQ  made  to 
the  works  of  the  Brown  Hoisting  Machinery  Company,  the  paint 
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works  of  the  Sherwin-Williams  Company,  the  works  of  the  King 
Bridge  Company,  and  the  Case  School  of  Applied  Science.  Visits 
were  also  made  by  small  parties  to  the  Power  House  of  the  Electric 
Street  Car  Line  on  Cedar  Avenue,  the  new  lift  bridge  being  erected 
for  the  Wheeling  and  Lake  Erie  Railroad,  and.  to  several  of  the 
smaller  industrial  plants  of  the  city.  Visits  were  also  made  to  L\ma 
Park  and  the  White  City»  free  admission  being  granted  by  the  man- 
agement to  all  members  of  the  Society. 

In  the  evening  there  was  a  concert  and  entertainment  at  the 
Hollenden  Hotel  given  by  the  Local  Membership,  after  which  there 
was  informal  dancing. 

On  Thursday  afternoon,  June  22d,  visits  were  made  to  the 
Water- Works  Pumping  Station  at  Elrtland  Street,  and  to  various 
municipal  works ;  and  a  golf  tournament  was  held  at  the  Euclid  Club 
at  whidi  there  was  a  large  attendance. 

In  the  evening,  a  reception  was  held  at  the  Chamber  of  Commerce 
under  the  auspices  of  the  Local  Membership,  and  was  attended  by  a 
large  number  of  members  and  invited  guests.  Informal  dancing  was 
enjoyed  to  a  late  hour. 

On  Friday,  June  23d,  a  large  party  left  Cleveland  at  9  a.  m.  by 
steamer  for  Lorain,  Ohio,  where  they  inspected  the  works  of  the 
National  Tube  Company,  American  Shipbuilding  Company,  and  the 
terminals  of  the  Baltimore  and  Ohio  Railroad  Company.  The  trip 
was  a  very  pleasant  one,  lunch  was  served  on  board,  and  the  party 
returned  to  Cleveland  at  5  p.  m. 
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THE  ATTENDANCE  AT  THE  THIRTY -SEVENTH  ANNUAL 

CONVENTION. 

The  following  320  members  were  in  attendance: 

Affelder,  L.  J Pittsburg,  Pa.  Briggs,  Josiah  A. New  York  City 

Ames,  G.  M.,  Brooks,  Fred ^ost^q,  Mass. 

Grand  Eapids,  Mich.  Brooks,  John  p.  .Lexington,  Ky. 

Andrews,  Horace.  Albany,  N.  Y.  Brown,  C.  C.  .Indianapolis,  Ind. 

Atwood,  J.  A Pittsburg,  Pa.  Brown,  T.  E. . .  .New  York  City 

Brown,  W.  P New  York  City 

Babcock,  W.  S..New  York  City      Brunner,  John Evanston,  HI. 

Bacon,  John  W.Danbury,  Conn.      Brynn,  P Pittsburg,  Pa. 

Baker,  Ira  O. .  .Champaign,  111.      Burdick,  C.  B Chicago,  III 

Baldwin,  F.  H.  .Bayonne,  N.  J.  Bums,  E.  C.  .Jamestown,  N.  Y. 

Ball,  C.  B Chicago,  HI  Buxton,  Clifford. .  .Toledo,  Ohio 

Ball,  E.  S New  York  City 

Bance,  C.  W.  .Jersey  City,  N.  J.  Carpenter,  G.  A., 

Bamsley,  G.  T Pittsburg,  Pa.  Pawtucket,  R  I. 

Beckwith,  Frank,  Carter,  W.  J ...  Cleveland,  Ohio 

Cleveland,   Ohio  Cartlidge,  C.  H.  ..Chicago,  HL 

Beerbower,  G.  M.New  York  City  Chadboum,  W.  H.,  Jr., 

Begien,  K.  N.,  Beaver,  Pa. 

Morgantown,  W.  Va.  Chamberlain,  P.  W., 

Bennett,  L.  J Buffalo,  N.  Y.  Washington,  D.  C. 

Bensel,  J.  A New  York  City      Chapin,  L.  E Canton,  Ohio 

Benzenberg,  G.  H.,  Chase,  F.  L. .  .Jamestown,  N.  Y. 

Milwaukee,  Wis.      Chase,  R  D New  York  City 

Bernstein,  L.,  Chester,  J.  N. ..  .Pittsburg,  Pa. 

Morgantown,  W.  Va.  Childs,  0.  W....St.  Louis,  Mo. 

Betts,  E.  E.  .Chattanooga,  Tenn.  Christian,  G.  L.  .New  York  City 

Beugler,  Edwin  J.Boston,  Mass.  Clark,  C.  H. ..  .Cleveland,  Ohio 

Biddle,  John. Washington,  D.  C.      Coe,  W.  W Eoanoke,  Va. 

Bissell,  F.  E..  .Cleveland,  Ohio  Cokefair,  F.  A...Duluth,  Minn. 

Blodgett,  John..  .Pittsburg,  Pa.  Coleman,  F.  A.  .Cleveland,  Ohio 

Blunt,  W.  T Toledo,  Ohio  Collier,  B.  C. . .  .New  York  City 

Brackenridge,  W.  A.,  Condron,  T.  L Chicago,  HI. 

Niagara  Falls,  N.  Y.  Conkling,  L.  D.Cleveland,  Ohio 

Brackett,  Dexter.  .Boston,  Mass.  Connor,  E.  H., 

Brady,  S.  D.,  Leavenworth,  Kans. 

Parkersburg,  W.  Va.  Cooper,  S.  L. ..  .Yonkers,  N.  Y. 

Breui^haud,  J.,  Cowles,  W.  L Chicago,  111. 

Croton-on-Hudson,  N.  Y.  Craighill,  W.  P., 

Breuchaud,  J.  R,  Painesville,  Ohio 

Croton-on-Hudson,  N.  Y.  Crane,  Albert  S.New  York  City 
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Craven,  Alfred.  .New  York  City 
Creuzbaur,  R.  W., 

New  York  City 
Cpoea,  J.  J.  R. .  .New  York  City 
Cummings,  Noah, 

New  York  City 
Cummings,  R.  A.Pittsburg,  Pa. 
Cunningham,  A.  O., 

Cleveland,  Ohio 
Curtis,  V.  P.  .Worcester,  Mass. 

Davis,  C .Allegheny,  Pa. 

Davis,  C.  S Toledo,  Ohio 

Davis,  J.  B..Ann  Arbor,  Mich. 
Davis,  James  L.New  York  City 
Davison,  G.  S. ..  .Pittsburg,  Pa. 

de  Vou,  J.  L Pittsburg,  Pa. 

Didier,  Paul Pittsburg,  Pa. 

Doane,  W.  A. ..  .MeadviUe,  Pa. 

Douglas,  B Detroit,  Mich. 

Dunnells,  C.  G. .  .Pittsburg,  Pa. 
Dyer,  A.  J Nashville,  Tenn. 

Edwards,  J.  H Oxford,  N.  Y, 

Edwards,  W.  R ..  Baltimore,  Md. 
Ellis,  John  W .  Woonsocket,  R.  I. 
Ellsworth,  E.  A.  .Holyoke,  Mass. 
Emmons,  C.  M., 

Beaver  Falls,  Pa. 
Evans,  P.  P Cleveland,  Ohio 

Fanning,  J.  T., 

Minneapolis,  Minn. 

Fay,  E.  B St.  Louis,  Mo. 

Fenkell,  G.  H Erie,  Pa. 

Firth,  Elmer. W.Brooklyn,  N.  Y. 
Fish,  J.  C.  L., 

Berlin  Heights,  Ohio 

Flad,  E St.  Louis,  Mo. 

Floesch,  J.  M.  .Rochester,  N.  Y. 

Foster,  E.  H New  York  City 

Frazier,  J.  W.  .Cleveland,  Ohio 
Frick,  Walter.  ..Lewisburg,  Pa. 
Fuller,  Harry.  ..Cleveland,  Ohio 
Fuller,  W.  B Pittsburg,  Pa. 


Oahagan,  W.  H.Brooklyn,  N.  Y. 

Garrett,  J.  T St.  Louis,  Mo. 

Gartensteig,  C.  .New  York  City 
Gast,  E.  A. ..  .Cincinnati,  Ohio 

Gates,  C.  L Toledo,  Ohio 

Gerber,  E Pittsburg,  Pa. 

Gifford,  G.  E. . .  .New  York  City 

Gifford,  R  L Chicago,  111. 

Gillespie,  R.  H.  .New  York  City 
Goad,  C.  E., 

Toronto,  Ont,  Canada 
Goodrich,  E.  P.  .New  York  City 

Gowen,  C.  S Ossining,  N.  Y. 

Graham,  J.  M. .  .New  York  City 
Gray,  William.  .New  York  City 
Green,  B.  R.  .Washington,  D.  C. 

Green,  R  B Detroit,  Mich. 

Greene,  H.  A.  ..Pittsburg,  Pa. 
Gregory,  C.  E.  .New  York  City 
Griggs,  Julian.  .Columbus,  Ohio 
Gudmundsson,  G.Pittsburg,  Pa. 

Haines,  H.  S.  ..New  York  City 
Hall,  Julius  R.  .Bethlehem,  Pa. 
Hall,  W.  M.Parkersburg,  W.  Va. 
Handy,  E.  A ...  Cleveland,  Ohio 
Haring,  James  S . .  Craf ton.  Pa. 
Harrison,  C.  L.  .New  York  City 

Haskell,  E.  E Detroit,  Mich. 

Haskins,  W.  J.  .New  York  City 

Haven,  W.  A Buffalo,  N.  Y. 

Hayes,  M.  D Pittsburg,  Pa. 

Hayt,  S.  T.,  Jr.  .Towanda,  Pa. 
Hillyer,  W.  R., 

Port  Richmond,  N.  Y. 
Himes,  Albert  J .  Cleveland,  Ohio 
Hoffman,  Robert, 

Cleveland,  Ohio 
Holman,  M.  L ...  St.  Louis,  Mo. 

Horton,  H.  E Chicago,  ID. 

Houston,  G.  N., 

University  Park,  Colo. 
Hubbell,  C.  W... Detroit,  Mich. 
Hudson,  H.  W.  .Harrisburg,  Pa. 
Hughes,  W.  M Chicago,  111. 
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Humphrey,  R.  L., 

Philadelphia,  Pa. 
Hunter,  L.  L. ..  .Pittsburg,  Pa. 
Huntington,  G.  D., 

Watertown,  N.  Y. 
Hyde,  A.  L Columbia,  Mo. 

Jackson,   D.    C.  .Madison,  Wis. 

Jordan,  E.  C Portland,  Me. 

Judson,  C.  A..  .Sandusky,  Ohio 
Juengst,  H.  F., 

East  St.  Louis,  111. 

Kelley,  W.  D.  ..New  York  City 
Ketehum,  M.  S.  .Boulder,  Colo. 
KieUand,  S.  M. . .  .Buffalo,  N.  Y. 
Kimball,  G.  A... Boston,  Mass. 
King,  H.  W..  .Cleveland,  Ohio. 
King,  WaDace,  Jr., 

New  York  City 
Kingsley,  M.  W., 

Cleveland,  Ohio 
Kinsley,  T.  P. .  .New  York  City 
Kittredge,  G.  W., 

Cincinnati,  Ohio 
Knapp,  L.  H Buffalo,  N.  Y. 

Knowles,  M Pittsburg,  Pa. 

« 

• 

Lane,  E.  G l^ew  Castle,  Pa. 

Laub,  H Pittsburg,  Pa. 

Ledoux,  J.  W.Philadelphia,  Pa. 
LeflSngwell,  F.  D., 

Montclair,  N.  J. 
Lefier,  B.  R.  ..Cleveland,  Ohio 
Leisen,  T.  A.  .Wilmington,  Del. 
Leonard,  H.  R.Philadelphia,  Pa. 
Lepper,  F.  W.  .Cleveland,  Ohio 
Lesley,  R,  W.  .Philadelphia,  Pa. 
Lewis,  N.  P. . .  .New  York  City 
Lillich,  Joseph ...  St.  Louis,  Mo. 
Loomis,  Horace. New  York  City 

Loweth,  C.  F Chicago,  HI. 

Lowinson,  Oscar. New  York  City 

Lynch,  T.  D Pittsburg,  Pa. 

Lyon,  H.  L Pittsburg,  Pa. 


Lyons,  J.  K Sewickley,  Pa. 

MacGregor,  R.  A., 

New  York  City 
McDargh,  H.  J.  ..Dayton,  Ohio 
McDonald,  Hunter, 

Nashville,  Tenn. 
McKenzie,  T.  H., 

Southington,  Conn. 
McKenzie,  Thomas, 

Westerly,  R  L 
McMinn,  T.  J.  .New  York  City 
Maignen,  P.  A.Philadelphia,  Pa. 
Manning,  R.  G.  ..Toledo,  Ohio 
Mansfield,  R.  J.Cleveland,  Ohio 
Marple,  W.  M. ..  .Scranton,  Pa. 
Marvin,  F.  O.  .Lawrence,  Kans. 

Mason,  A.  J Chicago,  HI. 

Maxwell,  J.  R.  ...Newark,  DeL 
Metcalf,  Leonard.  .Boston,  Mass. 
Miller,  R.  P. . .  .New  York  Cily 
Minor,  E.  E.  .New  Haven,  Conn. 

Montony,  L.  G Troy,  N.  Y. 

Moore,  C.  H New  York  City 

Moore,  J.  E.  A.  .Cleveland,  Ohio 
Moore,  Robert. . .  .St.  Louis,  Mo. 
Mordecai,  A. . .  .Cleveland,  Ohio 
Morrow,  J.  J.Washington,  D.  C. 
Morse,  B.  F. ..  .Cleveland,  Ohio 

Morse,  CM Buffalo,  N.  Y. 

Moses,  John  C .  Cambridge,  Mass. 

Nauman,  G Harrisburg,  Pa. 

Neff,  F.  H Cleveland,  Ohio 

Nelles,  G.  T Cleveland,  Ohio 

Nelson,  A.  H Pittsburg,  Pa. 

Nicholson,  G.  B.Covington,  Ky. 
Noble,  Alfred. .  .New  York  City 

Oakley,  F.  T Toledo,  Ohio 

O'Brien,  J.  H. .  .New  York  City 
O'Rourke,  J.  F.  .New  York  City 
Ostrander,  J.  E.  .Amherst,  Mass. 
Owen,  J Newark,  N.  J. 

Parmley,  W.  C.  .New  York  City 
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Parsons,  W.  B.  .New  York  City 
Perrilliat,  A.  .New  Orleans,  La. 
Phillips,  Asa  E., 

Washington,  D.  0. 
Pickett,  W.  D.  .Four  Bear,  Wyo. 
Pierson,  G.  S.  .Kalamazoo,  Mich. 

Polk,  W.  A New  York  City 

Pollock,  C.  D.  .Brooklyn,  N.  Y. 

Potter,  A New  York  City 

Potter,  C.  L Duluth,  Minn. 

PottB,  Clyde New  York  City 

Proctor,  R  F New  York  City 

Quincy,  C.  F Chicago,  HI. 

Rafter,  G.  W.  .Rochester,  N.  Y. 
Raymond,  W.  G.  .Iowa  City,  la. 
iEleid,  Homer  A.  .New  York  City 

Rice,  W.  P Cleveland,  Ohio 

Ricker,  G.  A Buffalo,  N.  Y. 

Riegler,  L.  J. . .  .Allegheny,  Pa. 

Riggs,  M.  J Toledo,  Ohio 

Ripley,  T.  M Marietta,  Ohio 

Ritchie,  James.. Cleveland,  Ohio 
Robinson,  A.  W., 

Montreal,  Que.,  Canada 
Rockwell,  S. ..  .Cleveland,  Ohio 

Rohwer,  H St.  Louis,  Mo. 

Ruple,  C.  P. . .  .Cleveland,  Ohio 
Russell,  R.  L.  .Brooklyn,  N.  Y. 
Russell,  S.  Bent.  .St.  Louis,  Mo. 

Sabin,  L.  C, 

Sault  Ste.  Marie,  Mich. 
Sample,  John  H.Cleveland,  Ohio 
Sanderson,  J.  G.  .Scranton,  Pa. 

Schaub,  J.  W Chicago,  HI. 

Schneider,  C.  C, 

Philadelphia,  Pa. 

Scott,  Guy Wellsville,  Ohio 

Scribner,  G.  H.,  Jr. Chicago,  111. 
Searles,  W.  H.  .Cleveland,  Ohio 
Seaver,  J.  W. .  .Cleveland,  Ohio 


Selby,  O.  E..  .Cincinnati,  Ohio 
Shemian,  C.  W. .  .Boston,  Mass. 
Sherrerd,  M.  R.  .Newark,  N.  J. 

Shima,  T New  York  City 

Smith,  Edgar  M.  ..Chicago,  111. 
Smith,  Oberlin.Bridgeton,  N.  J. 
Smith,  T.  Guilford, 

Buffalo,  N.  Y. 
Spencer,  J.  C.  .Cleveland,  Ohio 
Spielman,  J.  G.  ..Chicago,  HI. 
Staley,  Cady.  ..Cleveland,  Ohio 
Stanton,  R.  B. .  .New  York  City 

Stem,  E.  W New  York  City 

Stewart,  C.  B. . .  .Madison,  Wis. 
Stowe,  C.  B. . .  .Cleveland,  Ohio 
Strehlow,  O.  E. South  Bend,  Ind. 
Strobel,  C.  L.  ..Cleveland,  Ohio 
Strong,  M.  R. ..  .Passaic,  N.  J. 
Sutermeister,  A.  H., 

Albany,  N.  Y. 

Swain,  G.  F Boston,  Mass. 

Swensson,  Emil.  .Pittsburg,  Pa. 

Taber,  G.  A Brooklyn,  N.  Y. 

Talbot,  A.  N Urbana,  HL 

Thacher,  Edwin. New  York  Gitj 
Theban,  J.  G. . .  .New  York  City 

Thompson,  B Atlanta,  Ga. 
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ANNOUNCEMENTS. 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  M. 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day  and 
Chrlstnutf  Day. 

MEETINGS. 

Wednesday,  September  6th,  1905* — 8.30  p.  m. — ^A  regular  busi- 
ness meeting  will  be  held.  Ballots  for  membership  will  be  canvassed, 
and  a  paper,  by  Edwin  H.  Warner,  M.  Am.  Soc.  C.  E.,  entitled 
"The  Hydraulic  Plant  of  the  Puget  Sound  Power  Company,"  will 
be  presented  for  discussion. 

This  paper  was  printed  in  Proceedings  for  May,  1906. 

Wednesday,  September  aoth,  1905* — 8.30  p.  m. — ^At  this  meet- 
ing a  paper  entitled  "Notes  on  the  Improvement  of  River  and  Har- 
bor Outlets  in  the  United  States,"  by  D.  A.  Watt,  M.  Am.  Soc.  C.  E., 
will  be  presented  for  discussion. 

This  paper  was  printed  in  Proceedings  for  May,  1905. 

Wednesday,  October  6th,  1905.— 8.30  p.  m.— A  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed, 
and  two  papers  will  be  presented  for  discussion,  as  follows:  "Some 
Specialties  of  the  System  for  Flushing  the  New  Sewers  of  the  City 
of  Mexico,"  by  Roberto  Gayol,  M.  Am.  Soc.  C.  E.,  and  "The  Wal- 
worth Sewer,  Cleveland,  Ohio,"  by  Walter  C.  Parmley,  M.  Am. 
Soc.  0.  E. 

Both  these  papers  are  printed  in  this  number  of  Proceedings, 

Wednesday,  October  aoth,  1905. — 8.30  p.  m. — At  this  meeting 
a  paper  entitled  "An  Example  of  the  Legitimate  Use  of  Water  for 
Domestic  Purposes,"  by  K.,  F.  Cooper,  Jun.  Am.  Soc.  C.  E.,  will  be 
presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 


PRIVILEOES  OP  LOCAL  SOCIETIES  EXTENDED  TO  MEMBERS 
OP  THE  AMERICAN  SOCIETY  OP  CIVIL  ENGINEERS. 

The  Boston  Society  of  Civil  Engineers  will  welcome  any  member 
of  the  American  Society  of  Civil  Engineers  at  its  library  and  reading 
room,  715  Tremont  Temple,  Boston,  which  is  open  on  week  days 
from  9  A.  M.  to  6  p.  m.  Members  will  also  be  welcome  at  the  meet- 
ings, which  are  held  in  the  same  building,  on  the  evenings  of  the 
fourth  Wednesday  in  January,  and  the  third  Wednesdays  of  other 
months,  except  July  and  August. 
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The  rooms  of  The  St.  Louis  Ensineers'  Club  are  in  the  biisineaa 
center  of  St.  Louis,  and  visiting  engineers  are  cordially  invited  to 
use  them  for  mail,  telephone  service,  information,  etc. 

The  courtesies  of  The  Engineers'  Society  of  Western  Pennsylvania 
have  been  extended  to  members  of  the  American  Society  of  Civil  En- 
gineers. The  rooms  of  the  Society,  410  Penn  Ave.,  Pittsburg,  Pa., 
are  open  at  all  times,  and  meetings  are  held  as  follows,  except  dur- 
ing July  and  August.  Eegular  Section,  Third  Tuesdays;  Ohbmi- 
OAL  Section,  Thursdays  following  third  Tuesdays;  Mechanical 
SsonoN,  First  Tuesdays;  Structural  Section,  Fourth  Tuesdays. 

The  Western  Society  of  Engineers,  Monadnock  Block,  Chicago, 
HL,  tenders  to  members  of  this  Society  the  use  of  its  rooms  and 
facilities,  together  with  the  good  offices  of  its  Secretary  and  of  a 
special  committee  api)ointed  for  that  purpose. 

The  Civil  Engineers'  Club  of  Cleveland,  Ohio,  invites  members  of 
this  Society  to  make  use  of  the  Club  rooms,  at  any  time  when  in 
Cleveland.  Cards  will  be  furnished  on  application  to  the  Secretary, 
Mr.  J.  C.  Beardsley. 

The  Engineers'  Club  of  Central  Pennsylvania  has  established  new 
quarters  at  the  comer  of  Second  and  Walnut  Streets,  Harrisburg, 
Pa.,  and  desires  to  extend  the  courtesies  of  the  Club  to  visiting  mem- 
bers of  the  American  Society  of  Civil  Engineers. 

SEARCHES  IN  THE  LIBRARY. 

In  Januaiy,  1902,  the  Secretary'  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost 
to  the  Society  for  the  extra  work  required.  Since  that  time  many 
such  searches  have  been  made,  and  bibliographies  and  other  infor- 
mation on  special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that,  if  it  were  generally  known  to 
the  membership  that  such  work  would  be  undertaken,  many  would 
avail  themselves  of  it. 

The  cost  is  trifling,  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be 
performed  quite  as  well,  and  much  more  quickly,  by  persons  familiar 
with  the  Library. 

Copies  of  all  lists  of  references  are  filed,  so  that  in  many  cases 
it  18  only  necessary  to  make  a  typewritten  copy,  which  reduces  the 
cost  of  searches  to  a  minimimi. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliogrraphy,  involv- 
ing search  through  periodical  literattire,  is  desired. 
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THE  TBCHNOLBXICON  OF  THE  SOCIETY  OF  GERMAN 

ENGINEERS. 

At  the  request  of  Dr.  Hubert  Jansen,  Editor-in-Chief  of  the 
Technolexicon  of  the  Yerein  Beutscher  Ingenieure,  the  followin^r 
announcement  is  made: 

^1n  the  compilation  of  this  universal  technical  dictionary  for 
translation  purposes,  in  English,  German  and  French,  commenced 
in  1901,  about  two  thousand  firms  and  individual  collaborators,  at 
home  and  abroad,  are  assisting  at  present. 

'TTp  to  June,  1905,  2  700  000  word-cards  have  been  collected.  To 
these  will  be  added  the  hundred  thousands  of  cards  that  will  result 
from  the  working  out  of  the  original  contributions  not  yet  taken  in 
hand.  The  contributions  have  been  called  in  since  Easter,  1904, 
and  most  of  them  have  abeady  come  in  (1 480,  up  to  June,  1905). 

"The  Editor-in-Chief  will  be  pleased  to  give  any  further  informa- 
tion wanted.  Address:  Technolexicon,  Dr.  Hubert  Jansen,  Berlin 
(N.  W.  7),  Dorotheenstrasse  49." 
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From  May  10th  to  August  2d,  1905. 

DONATIONi.* 
PROPERTIES  OP  STEEL  SECTIONS. 

A  Beferenoe  Book  for  Structural  Engineers  and  Architects.  By 
John  C.  Sample.  Cloth,  9x6  in.,  illus.,  7  +  121  pp.  New  York, 
McGraw  Publishing  Company,  1906.    $3. 

This  work  includes  tables  of  moments  of  inertia  and  radl^  of  gyration  of 
built  sections,  examples  of  sections  selected  from  monumental  structures,  unit 
stresses,  safe  loads  for  colimins,  plate- girder  design,  design  in  timber,  etc, 
with  only  sufficient  text  to  explain  their  application.  It  Is  hoped  the  designer 
will  be  able  to  select  directly  from  the  tables  here  giyen  such  sections  as  will 
meet  his  special  requirements,  thus  saving  the  energy  ordinarily  spent  in  pre- 
liminary figuring  for  more  Important  parts  of  design.  It  has  not  been  con- 
sidered to  be  within  the  scope  of  the  book  to  treat  the  subjects  inyolved  from 
a  theoretical  standpoint.  It  Is  stated  that  all  values  have  been  calculated  and 
checked  independently.  The  author  has  aimed  to  confine  himself  to  those 
sections  which  are  necessary  to  good  design  and  such  shapes  as  are  carried  in 
stock  by  most  large  structural  steel  plants,  it  being  the  desire  to  avoid  unneces- 
sary refinements.  Common  usage  will  account  for  the  appearance  of  some  of 
these  sections.  Properties  of  patented  sections  are  omitted.  Where  possible 
all  controverted  points  have  been  avoided.  There  is  a  diversity  of  practice  as 
to  how  much  the  back  to  back  of  angles  should  exceed  the  width  of  the  plate 
for  plate  girders  and  columns,  the  practice  being  about  equally  divided  between 
%  and  H  in.  The  author  has  used  %  in.  for  all  sections  with  less  than  42-in. 
plates,  since  this  is  on  the  safe  side  for  those  using  H  in.  It  is  stated  that 
with  the  exception  of  the  chapter  giving  safe  loads  of  columns,  the  material  is 
general  and  capable  of  being  applied  to  any  specification.  The  book  contains 
a  table  of  contents,  but  no  index. 

SKETCH  PORTPOUO  OP  RAILROAD  STATIONS. 

From  Original  Designs.  By  Bradford  L.  Gilbert.  Cloth,  18  x 
10,  illus.,  unpaged.  New  York,  Kailroad  Gazette,  1904.  $3.25. 
(Donated  by  the  author  and  publisher.) 

The  preface  states  that  this  volume  is  a  collection  of  designs  and  drawings 
in  black  and  white,  illustrating  the  evolution  in  railroad  station  architecture. 
The  majority  of  the  drawings  are  reproduced  necessarily  on  a  greatly  reduced 
scale.  No  attempt  has  been  made  to  provide  a  text-book,  the  object  being  to 
indicate  briefiy,  though  comprehensively,  what  has  been  accomplished  in  the 
beautifying  of  railroad  stations,  and  to  encourage  further  progress  hi  this  direc- 
tion. The  first  edition  of  this  work  was  issued  in  1896.  The  present  edition 
also  contains  a  supplement,  giving  recent  examples  of  railroad  station  archi- 
tecture, particularly  of  cement  construction,  bringing  the  work  down  to  the 
present  day. 

LBS  MINES  ET  LA  MBTALLUROIB, 

A  ^Exposition  du  Nord  de  la  France  (Arras  1904\  Par  Ed. 
Loze.  Paper,  13  x  9  in.,  illus.,  15  +  400  pp.  Paris,  Vve.  Gh. 
Dunod,  1905.    18  francs. 

In  this  work  the  author  aims  to  give  an  account  of  this  exposition  in  that 
which  concerns  mines,  principally  the  coal  mines  of  Pas-de-Calais,  the  metal- 
lurgy of  the  region,  the  machinery,  materials  and  products  of  these  great 
industries,  and  the  mineral  wealth  of  Algeria.  An  attempt  is  made  to  show 
the  progress  realized  and  at  the  same  time  give  more  especial  attention  to  the 
preparation,  processes  and  results.  Most  of  the  exhibitb,  especially  those  of 
the  great  coal  mining  companies,  metallurgists  and  of  the  manufacturing  houses, 
their  work.  Inventions  and  adaptations,  show  their  financial,  technical,  social  and 
economic  power.  The  question  of  transportation,  particularly  important  for 
industries  with  heavy  and  cumbersome  products,  has  been  developed.  The 
author  Intended  to  observe  a  methodical  classification  in  the  contents  of  his 
work,  but,  as  tbis  of  necessity  is  not  always  possible,  he  has  prepared  an 
alphabetical  index  of  seven  and  a  half  pages. 

*Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the 
publishers. 
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JAHRBUCH  PUR  DAS  BISENHUTTBNWESBN ;  111.  JAHROANQ. 

Erganzimg  zu  "Stahl  und  Eizen."  Ein  Bericht  iiber  die 
Fortschritte  auf  alien  Gebieten  des  Eisenhiittenweseiis  im  Jahre 
1902.  Ln  Auftrage  des  Vereins  deutscher  Eiaenhiittenleute  bear- 
beitet  von  Otto  Vogel.  Cloth,  10  x  6  in.,  iUus.,  16  +  466  pp.  Diis- 
seldorf,  A.  Bagel,  1905.    10  marks. 

This  work  Is  a  supplement  to  Stahl  und  Eisen,  and  is  a  review  of  German 
.  and  foreign  periodical  literature  on  the  iron-works  industry  of  the  year  1002. 
In  preparing  this  volume,  the  editor  has  reviewed  not  less  than  134  technical, 
scientific  periodicals,  the  greater  part  of  them  being  in  a  foreign  tongue.  The 
number  of  entries,  being  1  800  in  the  first  volume  and  2  000  in  the  second, 
have  increased  to  2  600  in  the  third  volume.  Besides  simply  giving  the  source 
of  the  articles,  illustrated  abstracts  are  given  for  those  of  particular  importance. 
The  bibliographies  are  arranged  by  subject ;  and  there  are  author  and  subject 
indexes,  both  included  in  forty  pages. 

OSBORN'S  TABLES  OP  MOMENTS  OP  INERTIA  ; 

And  Squares  of  Kadii  of  Gyration,  to  which  have  been  added 
Tables  of  the  Working  Strengths  of  Steel  Columns,  the  Working 
Strengths  of  Timber  Beams  and  Columns,  Standard  Loads  and  Unit 
Stresses  and  Constants  for  Determining  Stresses  in  Swing  Bridges. 
Fifth  Edition,  revised.  Leather,  7x5  in.,  illus.,  184  pp.  Cleve- 
land, Osbom  Engineering  Co.,  1906.     $3. 

The  preface  states,  that,  since  the  publication  of  the  fourth  edition  in  1894, 
the  various  mills  have  adopted  uniform  standards  of  shapes  which  nearly  all 
varied  somewhat  from  those  used  in  the  tables.  This  considerably  decreased  the 
usefulness  of  the  tables  as  they  then  existed.  In  the  present  edition  the  tables 
of  moments  of  inertia  and  squares  of  radii  of  gyration  have  all  been  completely 
refigured,  using  the  present  standard  mill  sections  and  shapes,   and  combining 

them  in  accordance  with  present  designing  practice.     The  tables  of  - -„  ,  square 

root,  swing  bridges,  rivets,  web  plates  and  timber  beams,  have  all  been  pre- 
served ;  some  of  the  matter  now  obsolete  has  been  omitted  and  in  its  place 
there  have  been  included  tables  of  the  safe  working  strengths  of  soft  steel  and 
medium  steel  columns,  of  standard  loads  and  unit  stresses  for  bridges,  of  tim- 
ber columns  and  of  bridge  weights.  There  have  also  been  included  a  few  pages 
of  historical  and  other  statistics  concerning  the  bridges  of  the  world. 

LES  POURS  §LECTRIQUES; 

Et  ses  Applications  Industriels.  Par  Jean  Escard,  Preface  de 
Henri  Moissan.  Paper,  10  x  6  in.,  iUus.,  13  +  636  pp.  Paris, 
Vve.  Ch.  Dunod.    18  francs. 

The  author  proposes  to  put  into  the  hands  of  engineers  and  manufacturers 
a  treatise  giving  complete  information  on  thermo-electric  manufactures.  It  is 
stated  that  the  use  of  the  electric  furnace,  capable  of  a  temperature  of  from 
2  000  to  3  500°,  for  a  long  time  confined  to  laboratory  researches,  has  now 
been  extended  to  factories.  The  author  is  attempting  to  show  in  a  manner  as 
accurate    and   technical    as   possible   the    advantages    that   the   electric    furnace 

S resents  over  the  processes  generally  used  in  metallurgy.  He  has  treated  in 
etail  electro-siderurgy  or  thermo-electric  manufacture  of  Iron  and  steel,  which, 
it  Is  stated,  tends  to  be  substituted  to-day  for  the  ordinary  blast  furnace  and 
converter.  The  Keller,  Gin  and  Stassano  processes  are  considered.  The  thermo- 
electric products  are  also  studied  from  the  beginning.  Glass,  carborundum, 
phosphorus,  arsenic,  baryte,  etc..  are  among  the  products  prepared  to-day  by 
the  electric  furnace.  A  number  of  recent  industries  are  described,  and  the 
question  of  the  use  of  electric  energy  as  a  source  of  heat  has  been  reviewed. 
There  is  an  alphabetical  index  of  seven  pages. 

QAS-ENQINBS  AND  PRODUCBR-OAS  PLANTS; 

A  Practical  Treatise  Setting  Eorth  the  Principles  of  Qas- 
Engines  and  Producer  Design,  the  Selection  and  Installation  of  an 
Engine,   Conditions  of  Perfect   Operation,  Producer-Gas  Engines 
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and  their  Possibilities,  the  Care  of  Gas-Engines  and  Producer-Gas 
Plants,  with  a  Chapter  on  Volatile  Hydrocarbon  and  Oil  Engines. 
By  R.  E.  Mathot;  translated  from  the  original  French  manuscript 
by  Waldemar  B.  Kaempffert.  Cloth,  9x6  in.,  illus.,  314  pp.  New 
York,  The  Norman  W.  Henley  Publishing  Company,  1906.    $2.60. 

It  is  the  purpose  of  this  work,  according  to  the  preface,  to  Indicate  the 
more  elementary  precautions  to  be  taken  in  the  care  of  an  engine  operating 
under  normal  conditions,  and  to  explain  how  repairs  should  be  made  to  remedy 
the  injuries  caused  by  accidents.  Engines  which  are  of  less  than  200  horse- 
power and  which  are  widely  used  in  a  small  way  are  studied.  The  relative 
oost  of  different  kinds  of  motive  power  is  considered,  the  net  cost  per  horse- 
power is  examined  in  each  case  in  order  to  show  which  is  the  least  expensive 
method  of  generating  power  in  ordinary  circumstances,  disregarding  special  rea- 
sons which  may  favor  one  or  the  other.     There  is  an  index  of  about  nine  pages. 

THB  MODERN  ASPHALT  PAVEMENT. 

By  Clifford  Richardson,  Assoc.  Am.  Soc.  C.  E.  Cloth,  9x6  in., 
illus.,  7  +  580  pp.  New  York,  John  Wiley  &  Sons,  1905.  (Donated 
by  the  author.)     $3. 

The  preface  states  that  the  present  work,  being  designed  for  a  rather  wide 
class  of  readers,  necessarily  includes  a  large  collection  of  data  in  regard  to  the 
chemistry  of  asphalt  and  the  technology  of  the  industry  which  is  of  interest 
only  to  civil  engineers,  asphalt  experts  and  those  who  have  made  a  special  study 
of  the  subject.  The  general  reader  is  recommended  to  omit  the  chapters  con- 
taining these  data  or  to  confine  himself  to  the  r^sumds  of  them  which  are  pre- 
sented at  the  end  of  each.  It  is  stated  that  the  property  holder  and  the  tax- 
payer will  find  conclusions  that  will  prove  of  Interest  to  them  relating  to  the 
construction  of  pavements  and  the  causes  of  their  deterioration.  The  relative 
merits  of  various  asphalts  for  paving  purposes  are  given  in  a  compact  form, 
and  the  Importance  of  the  action  of  water  on  asphalt  is  considered.  The  r6sum6 
at  the  end  of  each  chapter  is  intended  to  furnish  the  reader  at  a  glance  with 
an  opportunity  of  determining  whether  the  details  in  that  chapter  appeal  to  his 
interest  and  intelligence.     There  is  an  index  of  seventeen  pages. 

SOCIETY  FOR  THE  PROMOTION  OP  ENQINBERINQ  EDUCATION. 

Proceedings  of  the  Twelfth  Annual  Meeting  held  in  St.  Louis, 
Mo.,  September  1-3,  1904.  Edited  by  C.  F.  Allen,  F.  W.  McNair, 
M.  S.  Ketchum.  Cloth,  9x6  in.,  40  +  253  pp.  New  York,  En- 
gineering News  Publishing  Co.,  1906.     $2.50. 

This  work  contains  the  constitution  and  list  of  members  and  addresses  on. 
The  Outlook  for  Engineering  Education,  by  C.  F.  Allen;  A  Practical  Method  of 
Instructing  Engineering  Students  in  the  Biography  and  History  of  their  Pro- 
fession, by  Robert  Fletcher ;  A  Business  Proposition,  by  J.  A.  L.  Waddell ;  The 
Crowding  of  the  Curriculum,  by  A.  C.  Humphreys ;  The  Extension  of  Engineering 
Investigational  Work  by  Engineering  Schools,  by  A.  N.  Talbot:  Industrial  Cata- 
logue Library,  by  J.  G.  D.  Mack ;  Report  of  a  Committee  on  Requirements  for 
Graduation,  by  W.  O.  Raymond ;  Field  Work  in  Ciyil  Engineering  at  Iowa  State 
College,  by  Anson  Marston ;  The  Naval  Academy  as  a  Technical  School,  by  I.  N. 
Hollis;  Report  of  the  Committee  on  Technical  Books  for  Libraries,  by  C.  F. 
Burgess ;  The  Preparation  of  Engineering  Text  Books,  by  E.  H.  Powell ;  Abso- 
lute and  Gravitational  Systems  of  Units,  by  E.  R.  Mauer;  On  Teaching  Calculus 
to  Ehiglneering  Students,  by  B.  F.  Groat ;  Work  of  the  Dean  of  the  Faculty  of 
the  Massachusetts  Institute  of  Technology,  by  A.  E.  Burton.  There  is  an  Index 
of  three  and  one-half  pages. 

ELECTRIC  RAILWAYS. 

Theoretically  and  Practically  Treated.  By  Sydney  W.  Ashe 
and  J.  D.  Keiley.  Cloth,  8  x  6  in.,  illus.,  285  pp.  New  York, 
D.  Van  Nostrand  Company;  London,  Archibald  Constable  and 
Company,  Ltd.,  1905.    $2.50. 

It  has  been  the  aim  of  the  authors  to  treat  the  subject  from  a  theoretical  as 
well  as  from  a  practical  standpoint,  so  as  to  produce  a  book  which  could  be 
used  as  a  text  in  technical  institutions  as  well  as  a  general  engineering  refer- 
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ence  book  for  those  Interested  in  railway  problems.  With  this  object  in  view, 
the  use  of  calculus  has  been  avoided,  the  difCerential  coefficient  being  used  but 
occasionally.  Where  calculus  methods  appear,  the  same  formulas  are  expressed 
in  addition  in  algebraic  form.  Realizing  the  extent  of  the  traction  field  and 
the  great  demand  for  Information  concerning  rolling  stock,  the  volume  has  been 
restricted  to  that  part  of  the  subject.     There  is  an  index  of  five  pages. 

BXPBRIMENTAL     RBSBARCHBS     ON    THB    PLOW     OP     STBAM    THROUGH 
NOZZLBS  AND  ORIPICBS. 

By  A.  Bateau;  authorized  translation  by  H.  Boyd  Brydon. 
Cloth,  8x5  in.,  illus.,  4  +  76  pp.  New  York,  D.  Van  Nostrand 
Company,  1905.    $1.50  net. 

The  preface  states  that  the  rapid  advance  in  the  development  of  the  steam- 
turbine,  within  the  last  few  years,  has  necessitated  the  re- Investigation  of  steam 
from  the  point  of  view  of  velocity  instead  of  pressure,  of  kinetic  energy  instead 
of  potential,  of  the  friction  of  rapidly  moving  bodies  against  a  vapor  instead  of 
a  lubricated  surface,  of  the  balancing  of  parts  so  that  they  shall  revolve  about 
their  center  of  gravity,  and  of  numerous  other  questions  which  are  but  begin- 
ning to  make  themselves  felt.  The  available  data  are  few,  and  practically  all 
the  information  is  scattered  widely  through  the  pages  of  French  or  German 
scientific  magazines.  Of  all  these,  the  fundamental  problem  is  the  proportioning 
of  the  nozzles  or  passages  which  shall  permit  the  steam  to  transform  its  pres- 
sure into  via  viva.  This  translation  has  been  made  of  the  experiments  under- 
taken by  Professor  Rateau  on  this  feature  of  steam-turbine  design  for  those 
who  have  neither  the  time  nor  the  inclination  to  study  them  in  the  original. 
The  appendix  contains  a  bibliography  for  those  wishing  to  make  a  further  study 
of  this  subject. 

DIPPBRBNTIAL  BQUATIONS; 

A  Short  Course  for  Engineering  Students.  By  James  E.  Boyd. 
Cloth,  8x6  in.,  6  +  64  pp.  Columbus,  Published  by  the  Author, 
1906.    60  cents. 

It  is  stated  in  the  preface  that  the  purpose  of  this  book  is  to  present  those 
portions  of  differential  equations  which  are  most  used  by  engineers.  It  was 
written  with  reference  to  the  needs  of  two  classes  of  students ;  those  who  take 
the  subject  as  a  preparation  for  the  study  of  mechanics,  and  students  in  elec- 
trical engineering  who  are  already  well  grounded  in  the  physical  ideas  involved 
in  the  electrical  problems.  The  former  take  the  first  three  chapters,  omitting 
the  electrical  problems ;  the  latter  complete  the  book.  The  examples  were  pre- 
pared with  the  double  purpise  of  illustrating  the  text,  and  of  affording  a  review 
of  some  of  the  more  important  operations  of  the  calculus.  Answers  are  given 
and  stress  is  laid  on  the  importance  of  verifying  results.  In  the  problems,  the 
physical  meaning  and  use  of  the  arbitrary  constants  are  kept  prominent. 

THB  AUTOMOBILB  POCKBTBOOK; 

A  Compendium  of  the  Gasoline  Automobile.  By  E.  W.  Roberts. 
Leather,  6x3  in.,  8  +  329  pp.  Cincinnati,  The  Gas  Engine  Pub- 
lishing Co.,  1906.    $1.50. 

The  author's  purpose  in  writing  this  book  has  been  to  place  before  the  de- 
signer and  the  operator,  in  a  brief  manner,  a  few  general  notes  on  the  design 
and  the  operation  of  the  gasoline  automobile.  It  is  his  desire  that  this  work 
shall  be  a  standard  of  reference  for  those  interested  In  the  subject.  It  is  stated 
that  a  number  of  points  regarding  automobile  construction  have  been  necessarily 
omitted  because  it  would  make  the  book  too  bulky  as  a  pocketbook.  There  is 
an  index  of  almost  ten  pages. 

THB  CBMBNT-WORKBR'S  HAND-BOOK, 

Covering  more  than  Fifty  Most  Important  Subjects  on  Cement 
and  its  Uses  in  Construction.  Compiled  by  W.  H.  Baker.  Cloth, 
6x4  in.,  86  pp.    Published  by  the  Author.    60  cents. 

The  preface  states  that  this  work  contains  the  results  of  twenty  years  of 
experience,  and  is  written  for  the  workman.  The  author  aims  to  make  this 
little  book  so  simple,  so  clear  and  fundamental,  that  the  farmer  and  others-  not 
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familiar  with  cement  may  do  much  of  their  own  work,  confident  of  success,  while 
the  more  difficult  work  In  this  line  must  of  necessity  go  to  the  regular  cement 
worker  or  mason.  The  contents  are:  Introduction  to  Commercial  Hydraulic 
Cement ;  Mortars ;  Concretes ;  Cast  Masonry,  Stationary  and  Portable :  Practical 
Notes  on  Cement  Work. 

JAMBS  WATT. 

By  Andrew  Carnegie.  Cloth,  9x6  in.,  241  pp.  New  York, 
Doubleday,  Page  &  Company,  1905.    $1.40  net. 

This  volume  contains,  in  addition  to  an  appreciative  hlography  of  the  great 
inventor,  a  large  amount  of  collateral  information,  relating  to  the  literature, 
education,  industrial  conditions,  etc..  of  the  Scotch  people.  The  narrative  is 
told  under  the  following  chapter  headings :  Childhood  and  Youth ;  Qlasgow  to 
London — Return  to  Glasgow ;  Captured  by  Steam ;  Partnership  with  Roebuck ; 
Boulton  Partnership :  Removal  to  Birmingham ;  Second  Patent ;  The  Record  of 
the  Steam  Bngine ;  Watt  in  Old  Age ;  Watt,  the  Inventor  and  Discoverer ;  Watt, 
the  Man. 

A  HAND-BOOK  FOR  CBMBNT-USERS. 

Edited  by  Charles  Carroll  Brown,  M.  Am.  Soc.  C.  E.  Third 
edition,  revised  and  enlarged.  Cloth,  9x5  in.,  illus.,  369  pp. 
Municipal  Engineering  Company,  Indianapolis,  1905.    $3. 

The  preface  states  that  in  this  edition  portions  of  the  book  are  rewritten 
and  a  full  statement  is  added  of  the  use  of  concrete  in  buildings,  in  solid  and 
hollow  concrete  walls,  in  hollow  cement  building  blocks,  in  floors  and  in  various 
forms  of  reinforced  concrete  construction.  The  latter  treatment  is  extended  to 
bridges,  arches,  culverts,  etc.,  in  amplification  of  and  addition  to  what  has 
appeared  in  early  editions.  The  introductory  chapter  is  revised  in  view  of  the 
great  advances  in  the  cement  trade  and  In  the  uses  to  which  cement  is  put.  In 
the  chapters  on  testing  cement,  on  specifications  for  cement  and  for  its  use,  on 
the  uses  of  cement  and  on  testing  laboratories,  additions  have  been  made  to 
cover  the  latest  developments  in  the  technical  societies,  in  the  use  of  cement  In 
public  and  private  work,  large  and  small,  and  the  beet  new  things  in  specifica- 
tions and  descriptions  'of  method.  A  new  chapter  is  inserted  on  the  manufac- 
ture of  cement,  with  descriptions  of  the  various  methods  and  machinery  In  use 
In  this  country.  The  general  features  of  each  chapter,  with  the  above  exceptions, 
are  the  same  as  in  the  first  edition.     There  is  an  index  of  about  six  pages. 

LECTURE  NOTES  ON  SOME  BUSINESS  FEATURES  OP  ENOINEERINO  PRAC- 
TICE. 

By  Alex.  C.  Humphreys,  M.  Am.  Soc.  C.  E.  Cloth,  9x6  in., 
187  pp.  Stevens  Institute  of  Technology,  1906.  $1.  (Donated  by 
the  Author.) 

These  notes  are  prepared  for  the  use  of  students  outside  of  the  class-room  in 
preparation  for  examinations.  The  author  hopes  to  be  able  to  develop  from 
the»e  and  supplementary  notes  a  text  book  on  the  business  features  of  engineer- 
ing practice,  based  upon  his  experiences  in  the  fields  of  Engineering  ana  Busi- 
ness as  to  the  matter,  and  upon  his  experiences  in  the  class-room  as  to  the 
most  efficient  methods,  to  be  used  in  presenting  this  matter  to  engineer-stu- 
dents. The  contents  are :  Tho  Point  of  View ;  Notes  on  Contracts ;  General 
Notes ;  Accounting ;  Repairs  and  Depreciation ;  Accounting  as  Applied  to  Depre- 
ciation:  Systems  of  Classification — "Taxes";  Analysis  of  a  Balance  Sheet;  Ana- 
lysis of  Data;  Bstimates  and  Specifications. 

DIRECTORY  OP  AMERICAN  CEMENT  INDUSTRIES. 

Third  Edition,  Eevised  and  Enlarged.  Cloth,  9x6  in.,  735  pp. 
Indianai)olis,  Municipal  Engineering  Company,  1904.    $5. 

In  the  introduction  to  this  edition  we  are  informed  that  the  expansion  in 
the  cement  industry  has  necessitated  a  new  edition  of  this  work.  The  pressure 
upon  the  pages  has  made  advisable  the  separation  of  the  two  parts  of  the  book 
so  that  now  the  "Handbook  for  Cement  Users"  is  published  separately  from  the 
"Directory  of  American  Cement  Industries." 

The  contents  are :    Introduction ;  Explanation  of  Reference  Notes ;  Descrip- 
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tions  of  Works :  Cement  Companies'  Names  Not  Now  in  Use ;  American  Cement 
Manufacturers ;  Directory  of  Cement  Brands ;  Directory  of  Sales  Agents ;  Geo* 

graphical  List  of  Cement  Manufacturers ;  Foreign  Cement  Trade ;  Dealers  in 
ement ;  Contractors  and  Other  Users  of  Cement ;  Artificial  Stone,  Hollow  Con- 
crete Blocks,  etc. ;  Engineers  and  Other  Supervisors  of  the  Use  of  Cement ; 
Cement  Tests  and  Analyses,  Engineers  Designing  Cement  Plants ;  Machinery  and 
Supplies  for  Cement  Plants,  Machinery  and  Tools  for  Cement  Users;  Plaster 
Manufacturers ;  Lime  Manufacturers ;  Dealers  in  Lime  and  Plaster ;  Map  Show- 
ing Location  of  Cement  Plants. 

CIVIL  ENQINEERINQ. 

A  Text-book  for  a  Short  Course.  By  G.  J.  Fiebeger,  M.  Am. 
Soc.  C.  E.  First  edition.  Cloth,  9x6,  illus.,  12  +  673  pp.  New 
York,  John  Wiley  &  Sons,  1906.    $5. 

The  preface  states  that  this  text-book  is  designed  primarily  for  the  cadets 
of  the  U.  S.  Military  Academy.  The  Academic  Board  of  the  Military  Academy 
has,  since  its  origin,  provided  for  a  short  course  in  civil  engineering.  The  aim 
of  the  course  is  to  teach  the  cadets  the  general  principles  governing  the  con- 
struction of  engineering  structures  without  any  attempt  to  make  them  special- 
ists. In  this  course  it  has  been  necessary  to  avoid  elaborate  details  and  also 
to  omit  some  of  the  branches  of  what  is  now  classed  as  civil  engineering  in 
contradistinction  to  electrical,  mining  and  mechanical  engineering.  The  chap- 
ter headings  are :  Classification  of  Stresses  and  Longitudinal  Stress ;  Shearing 
and  Torsional  Stress ;  Flexure  or  Bending ;  Beams  Fixed  at  the  Ends  and  Curve 
of  Mean  Fiber :  Continuous  Beams,  Horizontal  Shear,  Combined  Stresses,  and 
Eccentric  Loading :  Moving  or  Live  Loads  on  a  Beam ;  Columns ;  Rivets  and 
Pins ;  Solid- Built  Beams,  I  Beams,  and  Plate  Girders :  Determination  of  Stresses 
by  Analytic  Methods  in  Simple  Trusses  Resting  on  End  Supports  and  Carrying 
Uniform  Dead  Loads ;  Effect  of  Moving  Loads  upon  Trusses  with  Parallel 
Chords ;  Graphic  Method  of  Determining  the  Stresses  in  a  Truss ;  The  Graphic 
Method  Applied  to  Parallel  Forces ;  Solution  of  Trusses  Continued ;  Masonry 
Dams  and  Retaining-Walls ;  Masonry  Arches :  The  Pressure  and  Flow  of  Water ; 
Timber  ;  Metals  :  Natural  and  Artificial  Stone  ;  Masonry  ;  Foundations ;  Bridges  : 
Trussed  Roofs  and  Floors ;  Highways ;  Water  Supply ;  Sewerage.  There  is  an 
index  of  nine  pages. 

THE  SANTIATION  OP  A  COUNTRY  HOUSE. 

By  Harvey  B.  Bashore.  First  edition.  Cloth,  8x5,  pL,  6  + 
103  pp.    New  York,  John  Wiley  &  Sons,  1905.    $1. 

The  author's  aim  in  this  work  is  to  point  out  the  way  "to  make  the  country 
as  healthy  as  the  city."  and  in  this  little  work  he  has  endeavored  to  lay  down 
directions  that  will  ensure  the  sanitary  construction  and  maintenance  of  small 
country  houses  and  camofa.  The  chapter  headings  are :  The  Location ;  The 
House:  The  Water  Supply;  The  Disposal  of  Waste;  The  Surroundings;  The 
Summer  Camp. 

THE  COMMERCIAL  MANAGEMENT  OP  ENGINEERING  WORKS. 

By  Francis  G.  Burton.  Second  •  Edition,  Revised  and  Greatly 
Enlar^.  Cloth,  9x6  in.,  15  +  432  pp.  Manchester :  The  Scien- 
tific Publishing  Co.,  1905.     12  shillings,  6  pence. 

In  preparing  a  second  edition  of  this  work  the  author  has  endeavored  to 
give  proper  consideration  to  the  many  discussions  and  treatises  which  have 
been  published  during  the  last  few  years  on  the  subject  of  "Engineering  Man- 
agement" and  "Engineering  Cost  Accounts." 

The  Companies  Act  of  1900  is  given  in  full.  Additional  Illustrations  of 
estimates  have  been  introduced  and  a  new  chapter  on  cost  accounts  has  been 
added. 

The  contents  are :  The  Directors  and  Secretary ;  The  Auditor ;  The  Gen- 
eral Manager ;  The  Draughtsman  and  Subordinate  Officials — Requisitions  for 
Materials ;  Purchases  and  Inspection  of  Materials ;  Receipt  of  Materials  and 
Passing  of  Invoices,  etc. :  Cost  Accounts — Recapitulation  of  Arrangement  for 
Purchases ;  Sales  Department ;  The  Correspondent  and  his  Duties ;  The  Pre- 
paration of  Estimates ;  Tenders  sent  out — Orders  Received ;  Drawing  Office 
Orders  for  Work — Stock  Orders :  Alternative  Plan  of  Register — Alteration  of 
Drawings  and  Patterns — Piling  Drawings ;  The  Works  Manager  and  His  Duties 
— Dealings  with  Workpeople ;  Wages  Accounts — Issue  of  Materials — Stores 
Books     and     Returns  ;      Cost     Accounts — Deproclation — Interest — Establishment 
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Charges;  Altematire  Forms  of  Cost  Accounts ;  Monthly  Profit  and  tioss  Account 
— Claims — Loose  Tools;  Goods  Manufactured  for  Stores  and  Warehouse — 
Trayellers'  and  Special  Expenses ;  Sales  in  Commercial  Books ;  Reports  to 
Board — Diagrams:  Stocktaking — Branch  Houses — Customs  and  Shipping  Resu- 
lations — ^Reserve  Funds;  Appendix — Industrial  Depreciation.  There  is  an  inaez 
of  eleven  pages. 

PRACTICAL  ALTBRNATINO  CURRENTS  AND  ALTERNATING  CURRENT  TEST- 
ING. 

By  Charles  F.  Smith,  Assoc.  M.  Inst.  C.  E.  Cloth,  9x6  in., 
iUus.,  457  pp.  Manchester,  The  Scientific  Publishing  Co.  6  shil- 
lings net. 

This  work  is  a  companion  volume  to  the  author's  "Practical  Testing  of 
Dynamos  and  Motors."  The  preface  states  that  it  deals  In  an  elementary  and 
practical  manner  with  the  principles  of  alternating  currents  and  alternating- 
current  machinery.  It  is  hoped  that  it  may  prove  of  special  use  to  students 
in  technical  schools  and  colleges  in  connection  with  their  laboratory  work  and 
to  70ung  engineers  engaged  in  handling  or  testing  alternating-current  machin- 
ery. The  chapter  headings  are :  Alternating  Electromotive  Force  and  Current ; 
Impedance ;  Power  and  Power-Factor ;  Virtual  Value  of  an  Alternating  Current ; 
Sflfect  of  Capacity ;  The  Transformer ;  Alternators ;  Synchronous  Motors ;  The 
Polyphase  Circuit ;  The  Rotary  Converter ;  The  Induction  Motor ;  The  Analysis 
of  Alternator  Curves.     There  is  a  double  column  Index  of  five  pages. 
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Connor.  E.  H.     1  pam. 
Cornell  Univ.  Club.*    1  pam. 
Elkins,  S.  B.     2  pam. 
Elsberg,  Nathaniel  A.     1  pam. 
Eng.  Assoc,  of  New  South  Wales.     1 

bound  vol. 
Eng.  News  Pub.  Co.     1  pam. 
Engrs.'  Club  of  Philadelphia.     1  pam. 
Erie,   Pa. — Commra.  of  Water  Works. 

1  pam. 
Geneva,  N.  Y. — City  Engr.     1  pam. 
Gloucester.      Mass. — City      Clerk.        1 

bound  vol. 
Great  Britain — Patent  OfQce.     14  vol., 

23  pam. 
Hadfield.  R.  A.     2  vol. 
Hains.  P.  C.     2  bound  vol. 
Halifax.  N.  S. — City  Engr.    1  pam. 
Hatt,  W.  K.     1  pam. 
Haverhill.     Mass. — Board     of     Water 

Commrn.     1  pam. 
Hewett,  Alfred.     1  vol. 
Hill,  W.  R.    1  pam. 
Holyoke,      Mass. — Board      of      Water 

Commrs.     1  pam. 
111. — Bureau    of    Labor    Statistics.      1 

bound  vol. 
111. — ^R.    R.    A    Warehouse    Comm.      1 

bound  vol..  1  pam. 
111.  Soc.  of  Engrs.  &  Surv.     1  vol. 
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Ind. — Geol.  Sury.     1  bound  toI. 

Indian  Midland  Ry.  Co..  Ltd.     1  pam. 

Inst,  of  Cly.  Engn.  8  bound  yoI.  8 
vol. 

Inter.  Assoc,  of  Municipal  Electricians. 
1  bound  Tol. 

Iowa — R.  R.  Commrs.     1  bound  vol. 

Iowa    State   Coll.     1    pam. 

Jacksonville,  Pla. — Board  of  Trustees 
for  the  Waterworks  and  Impvt. 
3onds.     1  pam. 

Japan — Imperial  Earthquake  Investi- 
gation Comm.     1  vol. 

John  Crerar  Library.    1  pam. 

Junta  de  Obras  del  Puerto  de  Bllboa. 
1  pam. 

Kansas — State  Secy,  of  Mine  Indus- 
tries.    1  bound  vol.,  1  pam. 

Lake  Shore  &  Mich.  Southern  Ry.  Co. 
1  pam. 

Lake  Superior  Min.  Inst.     1  vol. 

Lange,  Gunardo.     1  vol. 

Lewis,  Nelson  P.     1  pam. 

Lochrldge,  B.  E.     1  pam. 

Lowe  Bros.  Co.     1  bound  vol. 

Lowell,  Mass. — ^Water  Dept.     2  pam. 

Lynn.  Mass. — Board  of  Public  works. 
1  pam. 

Lynn,  Mass. — City  Bngr.     1  pam. 

Madison,  Wis. — R.  R.  Commr.  1 
bound  vol. 

Manchester.  N.  H. — ^Board  of  Water 
Commrs.     1  pam. 

Marlborough,    Mass. — ^Water    Commrs. 

1  pam. 

Mass. — ^Met.  Water  &  Sewerage  Board. 

2  bound  vol. 

Mass. — R.  R.  Commrs.     1  bound  vol. 
Medford,     Mass. — ^Water     and     Sewer 

Commrs.     1  pam. 
Met.  Ry.  Co.     1  pam. 
Mich. — State  Geologist.     1  bound  vol. 
Michigan  Technlc.     1  pam. 
Miller,  R.  P.     1  pam. 
Minneapolis — City  Bngr.     2  pam. 
Mocoroble,  Ch.  de.     2  bound  vol. 
National    R.    R.    Co.    of    Mexico.      1 

pam. 
New  Britain,   Conn. — ^Board  of  Water 

Commrs.    1  pam. 
New  Jersey — State  Geologist.    1  bound 

vol. 
New  Orleans,  La. — Sewerage  ft  Water 

Board.     1  pam. 
New  Orleans  ft  North  Bastem  R.  R.    1 

pam. 
New     South     Wales — Statistician.       1 

bound  vol. 
New     South     Wales — ^Met.     Board     of 

Water  Supply  ft  Sewerage.  1  pam. 
New  York  City — ^Art  Comm..  1  vol. 
New  York  City — Board  or  Estimate  ft 

Apportionment.     1  bound  vol. 
New  York   City — Commr.  for  Electric 

Lighting.     1  vol. 
New   York — State   Museum.     1   bound 

vol. 
Newport.  Ky. — ^Water  Works  Dept.     1 

pam. 
Newton,  Mass. — City  Bngr.     1  pam. 
North,  B.  P.     5  pam. 
Northampton,  Mass. — ^Mayor.     1  bound 

vol. 
Ohio — State  Board  of  Health.    1  bound 

vol. 
Ohio  Eng.  Soc.     1  vol. 
Ontario — Bureau   of   Mines.     1   bound 

vol. 


Ontario  School  of  Practical  Scl.    1  vol. 
Pacific  Northwestern  Soc.  of  Bngrs.     1 

pam. 
Portland.    Ore. — Common    Council.     1 

bound   vol. 
Potts.  Clyde.    2  pam. 
Providence,  R.  I. — City  Bngr.     1  pam. 
Rafter.  G.  W.     1  pam. 
Rhode   Island — Dams   and   Reservoirs, 

Commr.  of.     1  vol. 
Royal  Society  of  Canada.     2  vol. 
Saiem.   Mass. — ^Water  Board.     1  pam. 
San  Francisco.  Cal. — Board  of  Super- 
visors.   1  bound  vol. 
Sells,  C.  De  G.    1  pam. 
Smithsonian  Inst.     1  bound  vol. 
Smythe,  R.  M.     1  bound  vol. 
Soc.  of  Bngrs.     1  bound  vol. 
Soc.  of  Naval  Arch,  ft  Marine  Bngrs. 

1  bound  vol. 
Somervllle,      Mass. — City     Clerk.        1 

bound  vol. 
Somervllle,   Mass. — ^Water  Commr.     1 

pam. 
Squier.  G.  O.     2  pam. 
Svenska  Teknologforeningen.    1  pam. 
Talt,  W.  A.     2  pam. 
U.  S.  Bureau  of  Education.     1  bound 

vol. 
U.  S.  Bureau  of  Forestry.     4  pam. 
U.  S.  Bureau  of  Labor.     2  vol. 
U.  S.  Bureau  of  Statistics.     7  pam. 
U.    S.    Chf.    of    Bngrs.     1    pam..    08 

specif. 
U.  S.  Chf.  of  Ordnance.     1  bound  vol. 
U.  S.  Commr.  of  Patents.     1  vol. 
U.  S.  Corps  of  Bngrs.     1  pam. 
U.  S.  Dept.  of  Agriculture.     4  pam. 
U.  S.  Dlv.  of  Foreign  Markets.    2  pam. 
U.  S.  Bngrs.  School.     2  pam. 
U.  S.  Geol.  Survey.     8  bound  vol..  14 

vol.,  86  pam. 
U.  S.  Interstate  Commerce  Comm.     4 

bound  vol.,  11  pam. 
U.  S.  Lake  Survey.     8  maps,  8  pam. 
U.  S.  Naval  Observatory.     1  pam. 
U.  S.  Weather  Bureau.    1  vol..  6  maps. 
Union  Univ.     1  vol. 
Univ.  Club.     1  bound  vol. 
Univ.  of  Ariz.  Agrl.  Ezper.  Station.    1 

pam. 
Univ.  of  Kansas.     1  pam. 
Univ.  of  111.    4  pam. 
Univ.  of  Michigan  Eng.  Dept.     1  vol. 
Univ.  of  Missouri.     1  pam. 
Univ.  of  Pa.     2  pam. 
Univ.  of  Wis.     1  vol..  2  pam. 
Vereln      Deutscher      Portland-Zement 

Fabrlkanten.     1  vol. 
Vemon-Harcourt.  L.  F.     1  pam. 
Wait.  J.  C.     2  pam. 
Warder,  J.  H.     1  pam. 
West    Newton.    Mass. — City   Bngr.      1 

pam. 
West  Virginia — Dept.  of  Mine  Inspec- 
tion.    1  bound  vol. 
Western  Australia  Geol.  Surv.     8  pam. 
Western  Ry.  Club.     1  bound  vol. 
Western  Univ.  of  Pa.     1  pam. 
Whlnery,  S.     8  boimd  vol.,  84  vol..  60 

pam. 
Woburn,  Mass. — City  Clerk.     1  bound 

vol. 
Woburn,  Mass. — Water  Dept.     1  pam. 
Yonkers,     N.     Y. — Board     of     water 

Commrs.     1  pam. 
Unknown.     1  pam. 
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BY  PURCHASE. 

On  the  Graphics  of  Metal  Arches,  with  Special  Reference  to  the 
Relative  Strength  of  Two-Pivoted,  Three-Pivoted  and  Builtrin  Metal 
Arches.  By  L.  W.  Atcherley  and  Karl  Pearson.  London,  Dulan  & 
Co.,  1905. 

Transactions  off  the  International  Electrical  Congress,  St.  Lx>uis, 
1904.  Vols.  1-3.  Published  under  the  care  of  the  General  Secretary 
and  Treasurer,  1905. 

The  Testing:  of  Continuous  Current  Machines  in  Laboratories  and 
Test-Rooms.  By  Charles  Kinzbrunner.  New  York,  John  Wiley  & 
Sons,  1905. 

Marine  Ens^ines  and  Boilers,  their  Design  and  Construction.  By 
G.  Bauer;  edited  by  Leslie  S.  Robertson.  New  York,  The  Norman 
W.  Henley  Publishing  Company,  1906. 

The  Temperature-Entropy  Diagram.  By  Charles  W.  Berry. 
New  York,  John  Wilev  &  Sons;  London,  Chapman  &  Hall,  Limited, 
1905. 

Mechanical  Engineering  of  Power  Plants.  By  Frederic  Remsen 
Hutton.  New  York,  John  Wiley  &  Sons;  London,  Chapman  &  Hall, 
Limited,  1905. 

On  a  Theory  of  the  Stresses  in  Crane  and  Coupling  Hooks,  with 
Experimental  Comparison  with  Existing  Theory.  By  E.  S.  Andrews, 
with  some  assistance  from  Karl  Pearson.  London,  Dulan  &  Co., 
11K)4. 

Oas  Engine  Design.  By  Charles  Edward  Lucke.  New  York,  D. 
Van  Nostrand  Company,  1905. 

The  Mechanical  Handling  of  Material;  Being  a  Treatise  on  the 
Handling  of  Material  such  as  Coal,  Ore,  Timber,  etc.,  by  Automatic 
or  Semi-Automatic  Machinery,  together  with  the  Various  Accessories 
used  in  the  Manipulation  of  such  Plant,  also  dealing  fully  with  the 
Handling,  Storing  and  Warehousing  of  Grain.  By  Frederick  Zimmer. 
New  York,  D.  Van  Nostrand  Company;  London,  Crosby,  Lockwood 
&  Son,  1905. 

The  Steam  Engine  and  Qas  and  Oil  Engines;  a  Book  for  the 
Use  of  Students  who  have  Time  to  Make  Experiments  and  Calcula- 
tions. By  John  Perry.  London,  Macmillan  and  Co.,  Limited;  New 
York,  The  Macmillan  Company,  1902. 

Die  Entwickelung  des  Niederrheinisch-Westfalischen  Stein- 
kohlen-Bergbaues  in  der  Zweiten  Halfte  des  19.  Jahrhunderts.  Heraus- 
gegeben  vom  Verein  fiir  die  bergbaulichen  Interessen  im  Ober- 
bergamtsbezirk  Dortmund  in  Gemeinschaft  mit  der  Westfalischen 
Berggewerkschaftskasse  und  dem  Rheinisch-Westfalischen  Kohlen- 
syndikat.  Vol.  IX,  Aufbereitung,  Kokerei,  Gewinnung  der  Neben- 
produkte,  Brikettfabrikation,  Ziegeleibetrieb.  Berlin,  Julius  Springer, 
1905. 
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The  Mechanical  Engineering  of  Collieries.  Vol.  I.  By  T. 
Campbell  Futers.  Part  1. — ^Boring.  Part  2. — Shaft  Sinking.  Part 
3. — Surface  Arrangements.  Part  4. — Shafts  and  Headgears.  Lon- 
don, The  Chichester  Press,  1905. 

Elements  of  Applied  Microscopy ;  a  Text-Book  for  Beginners. 
By  Charles-Edward  Amory  Winslow.  New  York,  John  Wiley  & 
Sons;  London,  Chapman  &  Hall,  Limited,  1905. 

Meteorology,  Weather  and  Methods  of  Forecasting;  Descrip- 
tion of  Meteorological  Instruments  and  River  Flood  Predictions  in 
the  United  States.  By  Thomas  Russell.  New  York  and  London, 
Macmillan  and  Co.,  1895. 

Proceedings  of  the  American  Forest  Congress ;  Held  at  Wash- 
ington, D.  C,  January  2  to  6,  1905,  under  the  Auspices  of  the 
American  Forestry  Association.  Washington,  II.  M.  Suter  Publish- 
ing Company,  1905. 

Practical  Forestiy ;  for  Beginners  in  Forestry,  Agricultural 
Students,  Woodland  Owners,  and  Others  Desiring  a  General  Knowl- 
edge of  the  Nature  of  the  Art.  By  John  Gifford.  New  York,  D. 
Appleton  and  Company,  1904. 

Elements  of  Geology ;  a  Text-Book  for  Colleges  and  for  the 
General  Reader.  By  Joseph  Le  Conte;  revised  and  partly  rewritten 
by  Herman  Le  Roy  Fairchild.  Fifth  Edition.  New  York,  D.  Apple- 
ton  and  Company,  1905. 

University  Physics,  Part  i-a.  By  Henry  S.  Carhart.  Revised 
Edition.     Allyn  and  Bacon,  Boston  and  Chicago,  1904. 

Lettering  for  Draftsmen,  Engineers  and  Students;  a  Practical 
System  of  Freehand  Lettering  for  Working  Drawings.  By  Chas.  W. 
Reinhardt.  Ninth  Edition,  Revised  and  Enlarged.  New  York,  D. 
Van  Nostrand  Company,  1904. 

Trow's  Qeneral  Directory   of  the  Boroughs  of  Manhattan  and  , 

Bronx,  City  of  New  York.     New  York,  Trow  Director}'  Printing  and  i 

Bookbinding  Co.,  1905. 

Activities  of  Civic  Organizations  for  Municipal  Improvement  in 
the  United  States,  a  Symposium.  Reprinted  from  the  Annals  of  the 
American  Academy  of  Political  aiul  Soci(tl  Science,  for  March,  1905. 
Philadelphia,  1905. 

British  Progress  in  Municipal  Engineering;  a  Series  of  Three 
Lectures.  By  William  IL  Maxwell.  London,  Archibald  Constable 
&  Co.,  Ltd.,  1904. 

Municipal  Monopolies;  a  Collection  of  Papers  by  American 
Economists  and  Specialists.  Edited  by  Edward  W.  Bemis.  Revised 
edition.     New  York,  Thomas  Y.  Crowell  &  Company. 

The  American  City;  a  Problem  in  Democracy.  By  Delos  F. 
Wilcox.  New  York,  The  Macmillan  Company;  London,  Macmillan 
and  Co.,  Ltd.,  1904. 
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Municipal  Oovernment  In  Oreat  BriUin.  By  Albert  Shaw.  New 
York,  The  Macmillan  Company;  London,  Macmillan  &  Co.,  Ltd., 
1904. 

Monlclpal  Oovernment  In  Continental  Europe.  By  Albert  Shaw. 
New  York,  The  Macmillan  Co.;  London,  Macmillan  &  Co.,  Ltd., 
1903. 

Municipal  Trade;  the  Advantages  and  Disadvantages  Resulting 
from  the  Substitution  of  Representative  Bodies  for  Private  Proprietors 
in  the  Management  of  Industrial  Undertakings.  By  Major  Leonard 
Darwin.    Xew  York,  E.  P.  Dutton  &  Company,  1903. 

Earth  and  Rock  Excavation:  A  Practical  Treatise.  By  Charles 
Prelini.  New  York,  D.  Van  Nostrand  Company;  London,  Crosby, 
Lockwood  &  Son,  1905. 

Air,  Water  and  Food ;  from  a  Sanitary  Standpoint.  By  Ellen  II. 
Richards  and  Alpheus  G.  Woodman.  Second  Edition,  Revised  and 
Enlarged.  New  York,  John  Wiley  &  Sons;  London,  Chapman  & 
HaU,  Limited,  1904. 

Sanitary  Law  and  Practice ;  a  Handbook  for  Students.  By  W. 
Robertson  and  Charles  Porter.  London,  The  Sanitary  Publishing 
Company,  Limited,  1905. 

The  Sewage  Problem:  A  Review  of  the  Evidence  Collected  by 
the  Royal  Commission  on  Sewage  Disposal.  By  Arthur  J.  Martini 
London,  The  Sanitary  Publishing  Company,  Ltd.;  New  York,  D.  Van 
No8trandCo.,1905. 

How  to  Judge  Architecture ;  a  Popular  Guide  to  the  Apprecia- 
tion of  Buildings.  By  Russell  Sturgis.  Fourth  Edition.  New  York, 
The  Baker  &  Taylor  Co.,  1903. 

Mathematical  and  Graphical  Roof  Framing,  for  Builders,  Car- 
penters and  Iron  Workers.  Vol.  1-2.  By  G.  D.  Inskip.  Philadelphia, 
1900. 

The  Care  of  a  House ;  a  Volume  of  Suggestions  to  Householders, 
Housekeepers,  Landlords,  Tenants,  Trustees  and  Others  for  the 
Economical  and  Efficient  Care  of  Dwelling  Houses.  By  T.  M.  Clark. 
New  York,  The  Macmillan  Company;  London,  Macmillan  &  Co., 
Ltd.,  1905. 

On  Some  Disregarded  Points  in  the  Stability  of  Masonry  Dams. 

By  L.  W.  Atcherley,  With   Some  Assistance  from  Karl  Pearson. 
London,  Dulan  &  Co.,  1904. 

Micro-Organisms  in  Water;  their  Significance,  Identification  and 
Removal.  By  Percy  Frankland  and  Mrs.  Percy  Erankland.  London, 
Longmans,  Green  &  Co.,  1894. 

Pollution  of  Tidal  Waters,  with  Special  Reference  to  Shellfish. 

Fourth  Report  of  the  Commissioners  Appointed  in  1898  to  Inquire 
and  Report  What  Methods  of  Treating  and  Disposing  of  Sewage  May 
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Properly  be  Adopted.  Vol.  II,  Minutes  of  Evidence.  Vol.  Ill, 
Reports  by  Dr.  Houston  on  Bacteriological  Investigations.  Corre- 
spondence with  Foreign  Countries.  London,  Eyre  &  Spottiswoode, 
1904. 


SUMMARY  OP  ACCESSIONS. 

May  10th  to  August  2d,  1905. 

Donations  (including  86  duplicates  and  10  numbers 

completing  volumes  of  periodicals) 620 

By  purchase 40 

Total 660 
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MBMBBRSHIP. 

ADDITIONS. 

HONOBABT  MEMBBBS. 

HASWBifii,  ChabiiES  Hatnbb.   Civ.  and  Mech.  . 

Engr. ;  Asst.  Engr.,   Board  of  Eetimate    M. 

and  Apportionment,  324  West  78th  St./  Hon.  M. 

New  York  City 

Maokbvzie,  AiiKXANDBB.    Brig. -Gen.,  Gbf.  ofjM. 

Engrs.,  U.  S.  A.,  Washington,  D.  C I  Hon.  M. 

MEMBEB8. 

Beach,     Lakbino     Hoskinb.    Maj.,    Corps    of   Engrs., 
U.  S.  A.,  Old  Custom  House,  Detroit,  Mich 

Bbown,  Louis  Livingston.    Gen.  Supt.,  The  Foundation 
Co.,  35  Nassau  St.,  New  York  City 

Bbowning,   Geoboe    Elliot.      Clif.     Engr.,  / 

Cochin    Govt.,    Rose     Bank,    Trichur,  J  ^^^- ^• 
South  India (  ^• 

CANAI49,  Jos6  Antonio.  City  Engr.,  P.  O.  Box  436,  San 
Juan,  Porto  Rico 

Cantine,  Edward  Ike.    Div.  Engr.,  D.,  L.  &  W.  R.  R., 
45  Watson  Ave.,  East  Orange,  N.  J 

Cole,  Daniel  Webster.    Care,  U.  S.  Geological  Survey, 
Cody,  Wyo 

Gabbett,  James  Edwin.     Naica,  Chihuahua,  Mexico 

Gazlay,  Webster.     Vice-Pres.  and  Engr.,  National  Con- 
crete Constr.  Co.,  140  W.  Main  St.,  Louisville,  Ky. . 

Habpeb,  Edoab  Ambleb.     City  Engr. ,  Kansas  City,  Mo . 

Jijn. 
HoRTON,  Theodore.     Res.   Engr.,   Sewerage  J  kaaon  m 


Date  of 
Membership. 


Jan.  29,  1868 

May  12,  1905 

Feb.  2,  1887 

May  12,  1905 


Works,  47  East  Market  St.,  York,  Pa. . 


M. 


HuoHES,  Hector  James.    114  Pierce  Hall,  Cambridge, 
Mass 

Kenton,    George    Cecil.      Engr.'s    Dept.,  /  j^qoqc  m 
Mersey  Docks  and  Harbor  Board,  Liver- )  -^ 
pool,  England ( 

Langthorn,    Jacob  Stinman.    Hamilton    Ave.   Bridge,* 
Brooklyn,  N.  Y 

Lathbubt,    Benjamin    Bbentnall.      Pres.,  /  kaoQn  m 
Alma    Cement   Co.,   Land   Title   Bidg.,-)^ 
Philadelphia,  Pa ( 

McCaustland,  Elmeb  James.    Asst.  Prof,  of  /  AagQc  M 
Min.    and    Surveying,     Cornell    Univ. , }  -^ 
Ithaca,  N.  Y I 

McGilvbay,     Thomas     Forrester.      Cons,  r  a  gg..«  vr 
Engr. ;    City  Engr.,  City  Hall,  Duluth,  j  , , 
Minn ( 


June  7,  1905 

May  3,  1905 

May  7,  1902 

April  4,  1905 


May  3,  1905 

May  3,  1905 

June  7,  1905 

April  5,  1905 

June  7,  1905 

June  7,  1905 
Aug.   31,  1897 

AprU  4,  1900 

June  6,  1905 

May  3,  1905 

April  4,  1900 

June  6,  1905 

Jan.  4,  1905 

Mar.  3,  1897 

June  6,  1905 

Sept.  5,  1900 

June  6,  1905 

Feb.  5,  1902 

June  6,  1905 
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Date  of 
Membership. 
Maihsh,  Jambb  Babket.    Pres.  and  Ghf.  Engr.,  The  Mareh 

Bridge  Go.,  Des  Moines,  Iowa May  3,  1905 

MoBBiB,  Labdnbb  Vanitxbic.    500  East  New  York  Ave., 

Brooklyn.  N.  Y May  3.  1905 

Naglb,  Jambb  C.    Prof.  ofOv^Eng^,  Agri.^^^^^  ^p^,  ^  ^gj^ 

June    6,  1905 


B,  Jambb  C.    Prof,  of  Civ.  Eng.,  Agri.  and  /  . 
Mech.  Coll.  of  Texas,  Ck>llege  Station, }  » 
Tex ( 


Page,    WHiiiiAM    NbiiBON.    Pres.,    Tidewater   By.   Ck>., 

Ansted,  W.  Va May     3,  1905 

Pbbbinb,  Fbbdebio  Autsn  Combs.    Cons.  Engr.,  49  Wall 

St.,  New  York  City May     3,  1905 

Phabb,    Habby    Nemon.     CM.    Engr.,    St.  .  ^^^  ^^     ^^^      ^^^ 

Francis    Levee     Dist.,    168    Randolph]^  j^^^    ^ ^^^ 

Bldg.,  Memphis,  Tenn ( 

BiCKET,  James  Walteb.    Engr.,  St.  Anthony  /  ^^^^^  3  ^^^2 

Falls  Water    Power  Co.,   Minneapolis,  <  ^  Anril    4  1905 

Minn ( 

Say  AGE,  John  Bichabd.    Chf.  Engr.,   L.  I.  B.  B.  Co., 

Jamaica,  N.  Y - June    7,  1905 

SPOFFOBD,    CHABLEB  MiMON.      Asst.  Prof.  Of  r  j^^^  ^      j^^    ^    ^^ 

av.  Eng.,   Mass.  Inst.  Tech.,   Boston,  j^  j^^^  ^  ^^^ 

Mass ' 

SwENDSEN,  Geobgb  Lewis.    P.  O.  Box  S,  Salt  Lake  City, 

Utah June  7,  1905 

STiiYESTEB,  Fbakk  McCiiELiiAN.    U.  S.  Navy  Yard,  Nor- 
folk, Va Feb.  1,  1905 

Todd,     AiiSXANDEB    MiiiLEB.     U.  S.    Asst.  /  Jun.  Oct.  1,  1895 

Engr.,   U.   S.   Engr.  Office,   Vicksburg,  ■!  Assoc.  M.  Oct.  2,1901 

Miss (  M.  June  6,  1905 

TucKEB,    WiMiAM  Conquest.     San.   Engr.,  ( *["°-     ^       ^*y     ^»  ^®^^ 

156  Fifth  Ave.,  New  York  City ^''^'  ^'     ^^'     ^^  1^94 

I  M.  Jan.      3,  1905 

TUBNEB,  DANiEii  Lawbenoe.    Asst.  Engr.  in 

Chg.  of  Stations,  Board  of  Bapid  Transit 

B.  B.  Commrs.  of  New  York  City,  220 

West  107th  St.,  New  York  City 

Wadswobth,    Joeii    Edwabd.     Bes.     Engr.,  .  Jun.  Bee.     5,  189S 

Am.  Bridge  Co.,  42  Broadway,  New  York -j  Assoc.  M.     May     5,  1897 

City (  M.  June    6,  1905 

Waitt,  Abthxjb  Manning.     17  Battery  PI.,  Boom  1519, 

New  York  City Juub    7,  1905 

Wilson,  CHABiiEB  WHiLiAM  Sghbage.    Engr.,  /  Jun.  April    5,1892 

Naughton  Co.,  258  Broadway,  New  York  -|  Assoc.  M.    Jan.      3,  1900 

aty  (Bes.,  New  Bochelle,  N.  Y.) '  M.  June    6,  1905 

Wilson,  Henbt  Felix,  Jb.    Cons.,  Civ.  and 


3,  1905 

Assoc.  M.     Feb.     2,  1898 
M.  Jan.      3,  1905 


Min.  Engr.  (Wilson  &  Alber),  Boom  205, 
First  National  Bank  Bldg.,  Birmingham, 
Ala I 


Assoc.  M.     April    2,  1902 
M.  May     2,  1905 
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j  Jun. 

1  Assoc.  M. 


AflBOOIATE  MSMBEBS. 

BsoiBN,  Balph  Nobman.  Asst.  Engr.,  B.  &  O.  B.  B., 
Morgantown,  W.  Va 

OiiAPP,  SrDNBT  KnTOMAN.  Asst.  Engr.,  U.  8.  Geological 
Survey,  876  Federal  Bldg.,  Chicago,  111 

CoNODON,  John  Potteb.    Box  665,  Pocatello,  Idaho 

Enzian,  GhabiiEB.    Dist.  Engr.,  L.  Y.  Coal  Co.,  j  Jun. 

375  So.  Biver  St.,  Wilkesbarre,  Pa 1  Assoc.  M. 

FouomcB,  Hbbmann.  Box  4566,  Johannesburg,  South 
Africa 

Fui«i<BB,  Weston  EabijE.  Morgan  House,  Poughkeepsie, 
N.  Y 

GoBi>ON,  John  Bi<akb.    6  Cooke  PI.,  N.  W.,  (  Jun. 

Washington,  D.  C )  Assoc.  M. 

Habbib,  Henbt  Alexandeb.  Bes.  Engr., 
Atlantic  &  Birmingham  By.,  Oglethorpe, 
Ga 

Hati>en,  Edwin  Clapp.    16  City  Sq.,  Boom  4,  j  Jun. 

Charlestown,  Mass (  Assoc.  M. 

Howe,  ChabiiEB   Edwabd.    Treas.,    Wabash  j  Jun. 

Mfg.  Co.,  Wabash,  Ind I  Assoc.  M. 

Janben,  Edwabd  CijINTON.  Senior  Eng.  Asst.,  Municipal 
Engr.'s  Office,  Shanghai,  China 

Kabt,    CIiABKE  NiohtinoaijE.     Asst.   Engr.,  {  Jun. 

Bock  Island  System,  Little  Bock,  Ark . .  1  Assoc.  M. 

Lannan,  Louis  Edoab.    Box  176,  Corry,  Pa 

Leake,  Boitdinot  Gage.  Asst.  Engr.,  Chicago,  /  j 

Bock  Island  &  Gulf  By.,  Fort  Worth, }  j^^^  j^ 
Tex ( 

Lewis,  Waxteb  Baleioh,  Jb.    Box  177,  Littleton,  Colo . . 

LioHTFOOT,  WiLiiiAM  JOSEPH.  732  Fifth  Ave.,  Spokane, 
Wash 

McLauohIjIN,  Walteb  Weblet.  U.  S.  Dept.  of  Agricul- 
ture, Logan,  Utah 

Manohesteb,  Ebnest.  Bist.  Engr.,  Moreland,  Melbourne, 
Australia 

MeijIjUish,  Jameb  Geobge.  222  Unity  Bldg.,  Blooming- 
ton,  111 

PauIj,  ChabijEB  Howabd.  Care,  U.  S.  Geological  Survey, 
Glendive,  Mont 

Bice,  Hebbebt  Allan.  448  Pawnee  St.,  South  Bethle- 
hem, Pa 

BoGESS,  Hebbebt  Lincoln.  145  Stuyvesant  Ave., 
Brooklyn,  N.  Y 

Sabb,  Feed  Winton.  Bes.  Engr.,  Middle  Div.,  Dept.  of 
State  Engr.  and  Surv.,  Weigh  Lock  Bldg.,  Syracuse, 
N.  Y 


Date  of 
Memberahip. 

June    7,  1905 


April  5 
May  3 
Sept.  3 
March  1 

Feb.   1 


June 

1905 

Dec. 

1903 

June 

1905 

Oct. 

31, 

1899 

June 

1905 

Oct. 

1901 

June 

1906 

Mar. 

6, 

1900 

May 

3, 

1905 

May 

3, 

1905 

June 

4, 

1901 

June 

7, 

1905 

June 

7, 

1905 

Jan. 

5, 

1904 

May 

3, 

1905 

May  3 


Feb.  1 


Feb. 

1, 

1905 

May 

3, 

1906 

June 

7, 

1905 

June 

7, 

1905 

June 

7, 

1905 

May 

3, 

1905 

May  3 


1905 
1905 
1901 
1906 

1906 


1905 


1906 


1906 
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Date  of 
Membership. 

Shobtt,  John  Haoosbty.    Care,  Bank  of  Toronto,  Samia, 

Ont.,  Canada June  7,  1905 

SiTT,  WniiiiAM  Thbodobe.     160  Fifth  Ave.,  New  York 

City June  7,  1905 

Taylor,  Edwin  Axexandbb.    XJxbridge,  Mass June  7,  1905 

Watanabb,    Eitabo.      Imperial    Taiwan    Bys.,   Taipeh, 

Formosa,  Japan April  5,  1905 

Tates,  Bbuce  CiiiNTON.    First  Asst.  Engr.,  Homestake 

Min.  Co.,  Lead,  S.  Dak June  7,  1905 

TouNO,  Samueii  MoCaik.    Grenada,  Miss June  7,  1905 

ASSOCIATBB. 

ChaubsA,  AiiOiDE.     1051  St.  Hubert  St.,  Montreal,  Que., 

Canada April  6,  1904 

MhiIjEB,  Samueii   Fiboheb.    Pres.,    Miller-Collins    Co., 

1133  Broadway,  New  York  City May  3,  1905 

Ubsdelij,  John  Abnold.    Care,  W.  L.  Wright,  Chemical 

Bldg.,  St.  Louis,  Mo June  7,  1905 

JTJNIOBS. 

Babkeb,  ChabiiES  Whitney  TiiiiiiNaHAST.  Aspinwall,  Pa.  June  6,  19U5 
Bbown,   Bobebt  Huse.     21  West  127th  St.,  New  York 

City June  6,  1905 

Bbuntlbtt,  Eugene  Habby.    Cape  May,  N.  J June  6,  1905 

CampbeiiL,  Henby' AvEBY.    Coyote,  Cal April  4,1905 

HAiiii,  JuiiiXTS  Beed.     315West  Church  St.,  Elmira,  N.  Y.  June  6,1905 

HamijIN,  Hobace  Pablin.     Orono,  Me June  6,  1905 

HoBTON,  DwiOHT  Fbed.    San  Marcos,  Tex June  6,  1905 

Howes,  Donald  Winthbop.    101  West  78th  St.,   New 

York  City April  4,  1905 

Huntington,    Linn  Mubdooh.     Empire,    Canal   Zone, 

Panama May  2,  1905 

HuTOHiNS,  Edwabd.     MlUinocket,  Me June  6,  1905 

Babghbacheb,  Habby  Geobge.     Box  577,  Cheyenne,  Wyo.  May  2,  1905 

Shiebleb,  Mabyin.    4  Irving  PI.,  New  York  City June  6,  1905 

Smith,  Albebt  Obange.    Huntington,  N.  Y May  2,  1905 

Smith,  Bobebt  Mackinlay.    Bedford,  Ohio . .  > June  6,  1905 

TBEADWEiiii,  WiiiiiiAM  Adams.     187  Elk  St.,  Albcmy,  N.  Y.  April  4,  1905 


CHANQES  OP  ADDRESS. 

membebs. 


Aldebman,  Chablbs  AijDO.     Chf.  Engr.,   Cincinnati  Northern  Traction 

Co.,  Traction  Bldg.,  Cincinnati,  Ohio. 
Angibb,  WaiiTeb  Eugene.    50  East  78th  St.,  Chicago,  111. 
Babnabd,  John  Fiske.     2646  Ellendale  PL,  Los  Angeles,  Cal. 
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Babneb,  Mobtimeb  Obant.    U.  B.  ABSt.  Engr.,  1132-14}  St., Book  Island, 

lU. 
Bbahak,  WiiiiiABD.    48  Mayfleld  Bd.,  Cleveland,  Ohio. 
Bbabd,  Edwabd  James.    Prin.  Asst.  Engr.,  C,  B.  I.  &  P.  By.,  803  La 
SaUe  Station,  Chicago,  111.   (Bes.,  3928McGeeSt.,  Eansae  City,  Mo.) 
Benson,  OBViiiiiE.    Care,  Am.  Bridge  Co.,  42  Broadway,  New  Tork  City. 
BiXBY,  WiiiiiiAJf  Hebbebt.    Lt.-Col.,  Corps  of  Engrs.,  U.  S.  A.,  Boom 

502,  Federal  Bldg.,  Chicago,  111. 
Booth,  WiiiiiiAH  Henbt.    25  Queen  Anne's   Gate,  Westminster,  Lon- 
don, S.  W.,  England. 
Bowie,  Augustus  Jesse.    Cons.  Engr.,  72  First  St.,  San  Francisco,  Gal. 
BuBT,  Henby  Jackson.    222  Equitable  Bldg.,  Denver,  Colo. 
ButijEB,  Matthew  Joseph.    Deputy  Minister  and  Chf.  Engr.,  Dept.  of 

Bys.  and  Canals,  Ottawa,  Ont.,  Canada. 
CiiABK,  John  Howabd.    4  Mt.  Yemon  Park,  Maiden,  Mass. 
CiiABESON,  Bobbbt  Cooke.    Care,   Chas.   E.    Monday  &  Co.,  1320  Olive 

St.,  PhUadelphia,  Pa. 
Cunningham,  Andbew  Chase.    Civ.  Engr.,   U.  S.  N.,   Bureau  of  Yards 

and  Docks,  Navy  Dept.,  Washington,  D.  C. 
Cunningham,  Joseph  Hookeb.    Chf.  Engr.,  Union  Light  &  Power  Co., 

1297  Cleveland  Ave.,  Portland,  Ore. 
Dayenpobt,  James  Aubbey.    476  Fourteenth  Ave.,  S.  W.,  Boanoke,  Ya. 
Davis,   CHABiiES.     County  Engr.,  Allegheny  Co.,  Pa.,  Court  House,  Pitts- 
burg (Bes.,  407  Caleb  Ave.,  Edgeworth),  Pa. 
Davis,  Joseph  Phineas.    Cons.  Engr.,  215  Palisade  Ave.,  Yonkers,  N.  Y. 
DuNiiAF,  De  CijEBMONt.     5722  Monroe  Ave.,  Chicago,  111. 
Dunn,  Daniel  Bubee.     Hotel  Thrasher,  Dothan,  Ala. 
Enik),  Tokichi.     Engr.,  Military  By.  Dept.,  Chemulpo,  Corea. 
Eblandsen,  Osoab.     Chf.  Engr.,  O'Bourke  Eng.  Constr.  Co.,  1  West  34th 

St.,  New  York  City. 
FiSK,  Wajlteb  Leslie.    Maj.,  Corps  of  Engrs.,  U.  S.  A.,  Office  Chf.  Engr. 

Officer,  Philippines  Div.,  Manila,  Philippine  Islands. 
FowLEB,  Thomas  Walkeb.    408  Collins  St.,  Melbourne,  Yictoria,  Aus- 
tralia. 
Fbench,  James  Benton.   Bridge  Engr.,  Long  Island  B.  B.,  Jamaica,  N.  Y. 
Fbew,  Abchibald  Smith.    Edmonstone  St.,  South  Brisbane,  Queensland, 

Australia. 
GoLDMABK,   Henby.    Cons.  Engr.,  216  Board  of  Trade  Bldg.,  Montreal, 

Que.,  Canada. 
Gbegoby,  Lutheb  EiiWOOD.    Civ.  Engr.,  U.  S.  N.,  Navy  Yard,  Norfolk, 

Ya. 
Gbeineb,  John  Edwin.    Asst.  Chf.  Engr.,  B.  &  O.  B.  B.  Co.,  Calvert 

Bldg.,  Baltimore,  Md. 
Gbimm,  Cabl  Bobebt.     167  Columbia  Heights,  Brooklyn,  N.  Y. 
Gbimshaw,  James  Walteb.    4  Ilchester  Gardens,  Bayswater,  London, 

W.,  England. 
Hansel,  Chablbb.    Cons.  Engr.,  Indiana  Harbor  B.  B.  Co.,  400  La  Salle 
Station,  Chicago,  111. 


' 
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Habbib,  Van  AIiEN.    Humacao,  Porto  Bioo. 

Hazabd,  SoHimiEB.    Park  House,  Westchester,  Borough  of  the  Bronx, 

New  York  City. 
Hiiiii,  John  WniLinrTH.     Room  7 18,  Fidelity  Bldg.,  Philadelphia,  Pa. 
HoiiOOHBB,    Joseph    Galbb.     Div.    Engr.,    Isthmian  Canal,    Panama, 

Panama. 
HuiiPHBETB,  CHABiiBB.    Asst.   Engr.,  Engr.  Dept.,  XJ.  S.   Engr.   Office, 

Mobile,  Ala. 
HxTTOHiNBON,   Caby    TAiiOOTT.     Cous.   Elcc.   Engr.,  60  Wall   St.,    New 

York  City. 
Jatcox,  Thoiias  WiLiiiAM.    State  Engr.,  Denver,  Colo. 
Jonah,  Fbakk  GUiBBBT.  Asst.  Engr.,  New  Orleans  Terminal  By.,  Station 

F,  New  Orleans,  La. 
Kastij,  AiiEXANBBB  Edwabd.    Boom  325,  City  Hall,  Chicago,  111. 
Kbith,   Hebbert  Caby.    Cons.  Engr.,   1508  Hanover  Bank  Bldg.,  New 

York  City. 
KENiiY,  Edwabd  Mabion.     Care,   Montana  Coal  &  Coke  Co.,  Electric, 

Mont. 
Lelakd,  Wabben  AiiiiSTON.    Bes.  Engr.,  Catawba  Power  Co.,  305  Trust 

Bldg.,  Charlotte,  N.  C. 
LxKYiiiiiE,  Jacob  Hays.    Cons.  Engr.,  1003  S.  46th  St.,  Philadelphia,  Pa. 
LucAB,  Eugene  WiiiiiETT  Van  Coubt.    Gen.    Mgr.,   Eng.    Dept.,   Hugh 

MacBae  &  Co.,  Wilmington.  N.  C. 
Nichols,  Lewis  Abeij.    630  E.  Sixty-third  St.,  Chicago,  111. 
Noble,    Thebon  Augitstdb.    Engr.,  XT.    S.    Geological  Survey,  North 

Yaidma,  Wash. 
NoBTHBUP,   Hebbebt    Fbanklin.    Cous.   Engr.,  443  Houseman  Bldg., 

Grand  Bapids,  Mich. 
NoBTON,  Albebt  Gbay.    Bes.  Engr.,  Erie  B.  B.,  Otisville,  N.  Y. 
NoBTON,  John  Talcott.    Thomastown,  La. 

Pabsons,  William  Babclay.    Cons.  Engr.,  60  Wall  St.,  New  York  City. 
Pbgbam,  Gbobge  Hebndon.    Chf.  Engr.,  Interborough  Bap.  Trans.  Co., 

13  Park  Bow,  New  York  City. 
QtJiNBY,  Edwin  Bufub.    Chf.  Engr.,  Con.  Tel.  &  Elec.  Subway  Co.,   52 

Duane  St.,  New  York  City. 
QuiNTON,  John  Henby.  Superv.  Engr.,  U.  S.  Beclamation  Service,  Mont- 
rose, Colo. 
Beed,   David  Abell.    Asst.   Chf.   Engr.,  Great  Northern  Power  Co., 

P.  O.  Box  434,  Duluth,  Minn. 
Beed,  Melvillb  Emebson.    Asst.   Engr.,  G.   N.   By.,  Midway,   B.  C, 

Canada. 
BoGEBS,  Mebbitt  Habbibon.'    Cons.  Engr.,  1314  Gilpin  St.,  Denver,  Colo. 
Bugglbs,  William  Bubboughb.    Bes.  Engr.,   Isthmian  Canal  Comm., 

Empire,  Canal  Zone,  Panama. 
Sabin,  Loxtib  Cablton.    Secy,  to  the  Am.  Section,  International  Water- 
ways Comm.,  Federal  Bldg.,  Buffalo,  N.  Y. 
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Sayaob,  Hibam  Nbwton.    Superv.  and  Gons.  Engr.,  U.  S.  Beolamation 

Service,    Washington,   D.   C. ;  Address,  Care,  U.   S.  Bedamation 

Service,  Billings,  Mont. 
SoHAUB,  JuiiiTTS  WiiiLiAM.    ConB,  Engr.,  1742  Monadnock  Blk.,  Chicago, 

lU. 
SiiXBPEB,  Gbobob  Edwabd.     55  Avon  Ave.,  Newark,  N.  J. 
Spbncbb,  John  GiiABK.    Cobb,  and  Gontr.  Engr.,  1022  Bockefeller  Bldg., 

Cleveland,  Ohio. 
Spkbbt,  Hekbt  MuhiiBNBBBg.    Cons.  Signal  Engr.,  Hudson  Companies, 

111  Broadway,  New  York  City. 
SpiiiSBUBT,  Edmttnd  Gybbon.    45  Broadway,  New  York  City. 
Stebce,  Emmet  Abnbb.    277  S.  Campbell  Ave.,  Chicago,  111. 
Stboko,  Mason    Bomktn.    Engr.  of  Bridges  and  Bldgs.,   Erie  B.   B. 

System,  237  Lexington  Ave.,  Passaic,  N.  J. 
Stuabt,  AiiFBED  AiiiiEN.    689  East  17th  St.,   Brooklyn,  N.  Y. 
TxiCHMAN,  Fbank.    Care,  U.  S.  Geological  Survey,  Boosevelt,  Ariz. 
THOMPtaoN,  Benjamin.    202  Empire  Bldg.,  Atlanta,  Ga. 
Thompson,  Fbed.    Civ.  Engr.,  U.  S.  N.,  Navy  Yard,  Boston,  Mass. 
Thomson,    Gbobge  Huntznoton.    Cons.   Engr.,  Park  Bow  Bldg,   New 

York  aty. 
YoN  GeiiDebn,  Otto.    Cons.  Engr.,  36  Academy  of  Sciences,  San  Fran- 

cisoo,  Cal. 
Walkeb,  James  WiiiSON  Gbimes.    Civ.   Engr.,   U.  S.  N.,   Navy  Yard, 

Norfolk,  Va. 
Wai<I(ACB,  Habold  UiiMEB.     Boom  317,  Grand  Central  Station,  Chicago 

(Bes.,  Flossmoor),  111. 
WaiiLACE,  John  FindijEY.    Flossmoor,  Cook  Co.,  111. 
Watkins,   Bighabd.    Waratah,  George  St.,  Marriokville,   near  Sydney, 

New  South  Wales,  Australia. 
Watson,  Wii<liam  Pabsons.    P.  O.  Box  191,  Salem,  Ind. 
WniiiABD,  James  Eageb.    Brownsville,  Ky. 
WiMMEB,  Sebastian.     B.  D.  No.  1,  Albany,  Steams  Co.,  Minn. 
Wobthington,   Chables.    134  West  70th  St.,  New  York  City. 
ZooK,  MoBBis  AiiEXANDEB.     123  East  6th  St.,  Plainfield,  N.  J. 

ASSOCIATE  MEMBEB8. 

Adams,  Abthub.    Care,  Edison  Sault  Elec.  Co.,  Sault  Ste.  Marie,   Mich. 
AiiDEN,  Hebbebt  CiiABENDON.    Asst.  Engr.,  Bureau  of  Sewers,  Borough 

of  the  Bronx,  East  177th  St.  and  3d  Ave.,  New  York  City. 
Abmitage,  Gbobge   Washington.    Civ.  Engr.    and    Supt.  of   Constr., 

Q.  M.  Dept.,U.  S.  A.,  Bismarck,  N.  Dak. 
Atkins,  Habold  Bedfobd.    Cons.    Engr.,    Fifth    Ave.    East,   Boselie, 

N.  J. 
Bandt,  Jambs  Mabcxtb.    Cons.  Civ.,  Hydr.   and  San.  Engr.  (Bandy  & 

Terrell),  214}  West  Market  St.,  Boom  11,  Greensboro,  N.  C. 
Bantbi«,  Edwabd  Chbistian  Henbt.    Instr.    in    Civ.   Eng.,    Univ.    of 

Texas,   2207  San   Antonio  St.,  Austin,  Tex. 
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^AUH,  Gboboe.    Supt.y  Niagara  Ck)nstr.  Co.,  Niagara  Falls,  Ont.,  Canada 

(Bes.,  718  Buffalo  Ave.,  Niagara  Falls,  N.  Y.). 
Belknap,  John  Mansfield.    Chf.  Engr.,  W.  B.  Strang  &  Ck>.,  3939  Main 

St.,  Kansas  City,  Mo. 
Best,   John  Henrt.     U.  S.   Junior  Engr.,   B.  F.   D.   No.  2,   Geneseo, 

Henry  C3o.,  111. 
BiiANGHABD,  MuBBAT.     345  East  33d  St.,  New  York  City. 
BiiAND,  Miles  Carlisle.    Const.  Engr.,  E.  H.  Dyer  &  Co.,  New  England 

Bldg.,  Cleveland,  Ohio. 
BoEGKLiN,  Webneb.     29  Broadway,  New  York  City. 
Bright,  Charles  Edwin.     Bes.  Engr.,  Tidewater  B.  B.,  Boanoke,  Va. 
Brook-Fox,   Evelyn.    Care,  Orindlay  &  Co.,  54  Parliament  St.,  "West- 
minster, London,  S.  W.,  England. 
Campbell,  Abthub  Iba.    Care,   International  Fire  Proof  Constr.  Co., 

Seattle,  Wash. 
CoNNOB,  William  Ditbwabd.    Capt.,  Corps  of  Engrs.,  U.  S.  A.,   U.   S. 

Engr.  Office,  Memphis,  Tenn. 
CooMBS,    Bobebt   Duncan.      Care,    Aroostook  Constr.,    Co.,    Stockton 

Springs,  Me. 
CoBY,  Habby  Thomas.     Asst.  tothe  Pres.,  Ariz.  &  Colo.  B.  B.,  Cananea, 
Yaqui  Biver  &  Pac.    B.   B.,  Maricopa  &  Phoenix    &  Salt  Biver 
Yal.  B.  B.,  Gila  Yal.,  Globe  &  Northern  By.,  Arizona  Eastern  B.  B  , 
Tucson,  Ariz. 
Cbaig,  Philip  Insley.    Flemlngton,  N.  J. 
Cbew,  Chables  Cobwin.    Asst.    Engr.,     Bys.,    Cananea     Consolidated 

Copper  Co.,  Cananea,  Sonora,  Mexico. 
Dallib,  Pabk  Andbew.    Greenville,  S.  C. 
DE  You,  James  Laibd.    Asst.   Mgr.,  Erecting  Dept.,  Am.   Bridge  Co., 

Pittsburg  Div.,  Frick  Bldg.,  Pittsburg,  Pa. 
Diehb,  Alvah  Benjamin.    Box  217,  Memphis,  Tenn. 
Dillabd,  John  Lea.     Engr.  in  Chg.,  N.  &  W.  By.,  Marcum,  W.  Ya. 
DoEBFLiNG,   BiCHABD  Geobge.    Engr.,   Beclamation  Service,   Klamath 

Falls,  Ore. 
DxTFOUB,  Fbank  Olivbb.     524  Ontario  St.,  South  Bethlehem,  Pa. 
Edwabds,  Fbedebick.     Asst.  Prof,  of  Civ.  Eng.,  Union  Coll.,  369 Congress 

St..  Troy,  N.  Y. 
Ehle,  Boyd.     East  Creek,  N.  Y. 

Eld,  Chables  John,  Jb.     Care,  South  Pittsburgh  Water  Co.,  Carrick,  Pa. 
Evans,  John  Maubice.     102  Boss  St.,  Brooklyn,  N.  Y. 
Evans,  Mybon  Edwabd.    22  Pine  St.,  New  York  City. 
Faibchild,   Samuel  Edwabds,  Jb.     Civ.  and  Min.  Engr.   (Fairchild  & 

GUchrist),  306  Franklin  Bldg.,  Philadelphia,  Pa. 
Febguson,  John  Neil.     Asst.  Engr.,   Charles  Biver  Basin  Comm.,   12 

Bridge  St.,  East  Cambridge,  Mass. 
Fish,  John  Chables  Lounsbuby.    B.  F.  D.  No.  1,  Berlin  Heights,  Erie 

Co.,  Ohio. 
FuLLEB,  Cabl  Hamilton.     31  West  25th  St.,  New  York  City. 
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GaxiBBsath,  WiiiiiiAM  Otto.    With  Mex.   Cent.   R.  B.,  SaltiUo,   Ooah., 

Mexico. 
Gabbett,  Bobebt  Peel.    715  Locust  St.,  Boom  45,  St.  Louis,  Mo. 
Habbihoton,  Febdikand  FiNi^T.    Engr.  of  Bridges,  Tidewater  By.  Co., 

Haddington  Bidg.,  Norfolk,  Va. 
Habtigan,  Fbedebicx  Lawbence.    Engr.   and  Ck)ntr.,   Indiana  Harbor, 

Ind. 
Hawlet,  Geobge  Pbinoe.    Supt.  of  Water- Works,  De  Pere,  Wis. 
Hawxhubst,  Bobebt,  Jb.    620  North  C  St.,  Taooma,  Wash. 
Hatb,  Don.    207  W.  Illinois  St.,  Urbana,  111. 

Hiiiii,  Theodobe  William.    112  E.  Ghillicothe  Ave.,  Belief ontaine,  Ohio. 
Hottbton,  Gavin  NEiaoN.    Assoc.  Prof.,  Civ.  Eng.,  State  Agri.  Coll.,  Fort 

Collins,  Colo. 
Howabd,  Chableb  Pope.    Haddington  Bldg.,  Norfolk,  Ya. 
Hunigke,  William  August.    Chf.  Engr.,  Morey  Eng.  &  Constr.  Co.,  Apa- 

lachicola,  Fla. 
Htatt,  Caleb.    The  Edwards,  342  Prospect  St.,  Niagara  Falls,  N.  T. 
Htdb,  Chables  Oilman.    Asst.  Prof,  of  San.  Eng.,  Uniy.  of  California, 

Berkeley,  Cal. 
Janney,  Thomas  Gobdon.     19  Orange  St.,  Lancaster,  Pa. 
Kbeugeb,  Iyab.     100  Beid  Ave.,  Brooklyn,  N.  T. 
Lee,  Enobebt  A.     Care,  A.  S.  &  B.  Co.,  Boston  Bldg.,  Denver,  Colo. 
Lentilhon,  Eugene.    Care,  United  States  Consul,  Valparaiso,  Chili. 
LowiNBON,  OsoAB.     Cons.  Archt.,  18  East  42d  St.,  New  York  City. 
MacCbea,  Don  Alexandeb.      Div.  Engr.,   C,  B.  I.  &  P.  By.,  Sandy 

Springs,  Grant  Co.,  Ark. 
MagNatr,  Henby  James,     Geographer,  The  Scarborough  Co.,  227  E.  Ohio 

St.,  Indianapolis,  Ind. 
Mact,  Elbebt  Clyde.     Supt.,  Thos.  Phee  &  Co.,  Contrs.,  St.  Croix  Falls, 

Wis. 
MoFetbidge,  William  Sutton.    Care,  Sheridan  Inn,  Sheridan,  Wyo. 
McKay,  Geobge  Albebt.    Civ.  Engr.,  U.  S.  N.,  The  U.  S.  Naval  Training 

Station,  Lake  Bluff,  111. 
McBeynolds,  Obval  Omab.    Civ.   and  Min.   Engr.,  Animas  Forks,   San 

Juan  Co.,  Colo. 
Manteb,  Balph  Babton.    Care,   Isthmian  Canal  Comm.,   Eng.    Dept., 

Culebra,  Canal  Zone,  Panama. 
Matthbb,  Fban^ois  Emile.    U.  S.  Geological  Survey,  Yosemite,  Cal. 
Mesa,  Antonio  Esteban.     Chacon  34,  Havana,  Cuba. 
MiLLEB,  Hew.    28  West  26th  St.,  New  York  City. 
MoBiTz,  Chables  Holland.      Care,    The   Pittsburgh    Beduction    Co., 

Niagara  Falls,  N.  Y. 
MoTT,  William  Elton.     Assoc.  Prof.,  Civ.  Eng.,   Mass.   Inst.   Tech., 

Boston,  Mass. 
MuBPHY,  Joseph  Edgab.    Asst.  Engr.,  C,  B.  &  Q.  By.,  209  Adams  St., 

Boom  63,  Chicago,  lU. 
Patebson,  Habby  Thomas.    Asst.  Engr.,  U.  S.  Geological  Survey,  Becla- 

mation  Service,  Boswell,  N.  Mex. 
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Peck,  John  Gates.    Asst.  Ohf.  Bridge  Designer,  Office  of  State  Engr. 

(Res.,  107  North  Allen  St.),  Albany,  N.  Y. 
Pettee,  Etjqene  Eyebett.    269  Lowell  Ave.,  Newtonville,  Mass. 
PHiiiiiiPS,  Theodobe  CiiIFFobd.    Civ.  and  Hydr.  Engr.,  287  East  41st  St., 

Chicago,  111. 
PiBBCE,  James  Wilson.    Supt.,  Aberthaw  Constr.  Co.,  8  Beacon  St.,  Bos- 
ton, Mass. 
Pbitohett,  CHABiiES  MABCBiiiitJS.     P.  O.  Box  100,  Greenville,  S.  C. 
BEYNOiiDS,  Justin  OaxiiEY.     Prin.  Asst.  Engr.,  Brooklyn  Bapid  Transit 

Co.,  168  Montague  St.,  Brooklyn,  N.  Y.    (Bes.,  6  West  129th  St., 

New  York  City.) 
BoBB,  Louis  Adams.    187  Amity  St.,  Flushing,  N.  Y. 
BuNYON,  WiiiiiiAM  Kebpeb.    The  Colonial,  West  Kinney  St. ,  Newark,  N.J. 
BussELii,  BiCHABD  LoBD.     Chf.  Engr.   and  Supt.  for  Charles  Cranford, 

Gen.  Contr.,  44  Court  St.,  Brooklyn,  N.  Y. 
Seabs,  Thomas  Babtlett.    Care,  Y.  B.  Walling,  La  Cananea,   Sonora, 

Mexico. 
Seltzeb,  Habby  Kent.    P.  O.  Box  445,  Austin,  Tex. 
SheliiEnbeboeb,  Letdy  Budy.    215  West  44th  St.,  New  York  City. 
Shepabdson,  John  Eaton.    Care,  B.  S.  Shepardson,  479  Fifth  St.,  Aurora, 

111. 
Shephebd,  Fbank  Cummings.     37  West  39th  St.,  New  York  City. 
Shima,  Takejibo.     Care,  Mrs.  Hill,  71  West  104th  St.,  New  York  Qty. 
SiiAYTON,  Chables  AiiBEBT.    Care,  Mr.  B.  Corrigan,  Met.  St.  By.,  Kansas 

aty,  Mo. 
StehijE,  Felix  Chables.    With  Empire  Bridge  Co.  at  Brooklyn  Plant ; 

Address,  1114  Jackson  Ave.,  Bronx,  New  York  City. 
Stickney,  Geobob  Fetteb.    U.  S.  Asst.  Engr.,  Boom  F7,  Army  Bldg., 

New  York  City. 
Stogkett,   Alfbed  Walton.    P.   O.  Box  3,  Florida,  Transvaal,  South 

Africa. 
SuMNEB,  Bobebt  Swan.     1566  Gilpin  St.,  Denver,  Colo. 
Swift,  William  Eyebett.    Bes.  Engr.,  Isthmian  Canal  Comm.,  Panama, 

Panama. 
Thomson,  Alexandeb,  Jb.    Asst.  Engr.,  Bapid  Transit  Comm.,  4  Court 

Sq.   (Bes.,  741  Marcy  Ave.),  Brooklyn,  N.  Y. 
Tompkins,  Edwabd  De  Voe.    732  West  End  Ave.,  New  York  City. 
Tonkin  Thomas,  Juan.     Care,  Banco  de  Chile,  Santiago,  Chili. 
Ulbigh,  Daniel.    Katonah,  Westchester  Co.,  N.  Y. 
VooLESON,  John  Albebt.     Prin.  Asst.  to  the  City  Engr.,  Manila,  Philip- 
pine Islands. 
White,  William  MacIntibe.    Asst.,  Estimating  Dept.,  Am.  Bridge  Co., 

42  Broadway,  New  York  City. 
WiLKiNS,  Geobge  Shbeye.     Igorrote  Village,  Luna  Park,  Coney  Island, 

N.  Y. 
Wills,  Abthub  John.    Newburgh,  N.  Y. 
Young,  Henby  Amebman.    221  North  29th  St.,  Billings,  Mont. 
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AflBOOIATBS. 

GoPKiiAKD,  WiiOiiAM  BooBBS.  Care,  Bureau  of  Filtration,  Dept.  of  Public 
Works,  Pittsburg,  Pa. 

Kino,  WaIjI«aob,  Jr.  Yioe-Pres.,  United  Bldg.  Material  Co.,  320  Broad- 
way, New  York  City. 

MoKAHAN,  John  Joseph.    6  Beaoon  St.,  Boston,  Mass. 

0A8n<EB,  WiiiLiAM  CHUBCHiLii.     200  West  56th  St.,  New  York  City. 

JUNIORS. 

Abn,  WiijLIAH  Godfbbt.     Roadmaster,  L.  &  N.  B.  B.  Co.,  Middlesboro, 

Ky. 
Bakeb,  Habold  Jambs  Manning.    Surveyman,  U.  S.  £.   D.,  Fort  Ward, 

via  Port  Blakely,  Wash. 
Bblohbb,  WaIiLace  Edward.    Asst.  Engr.,  Oregon  Short  Line  B.  B.  Co., 

Salt  Lake  City,  Utah. 
BoBiiAND,  Brugb.    2616  Prairie  Ave.,  Chicago,  lU. 
BrinbIiBT,  MiiiO  ^AMiiiTON.    Asst.  Engr.,  G.  N.  By.,  Fremont,  Nebr. 
Bitbbaob,  John  Otis.    Asst.  Engr.,  U.  S.  Geological  Survey,  Bedamation 

Service,  Fort  Laramie,  Wyo. 
GiiBAYBB,  PiTSON  Jat.    Asst.  Engr..  Barge  Canal,  Fort  Miller,  N.  Y. 
Barrow,  Marius   Schoonmaker.    Supt.,  Thos.  Phee  &  Co.,  Box  64, 

Millington,  Tenn. 
Pebnow,  BoasiTEB  Baymond.     Ulster,  Pa. 
FiBOHEB,  Guii«iiEBMO  GusTAVO.     Engr.  of  Public  Works,  Trinidad,  Pro- 

vincia  de  Santa  Clara,  Cuba. 
HowB,  Habbt  Nobthrop.    U.  S.  Engr.  Office  (Box  220),  Memphis,  Tenn. 
Hunter,  Leboy  LrrriiEFiEiiD.    Care,  Santa  Fe  System,  1033  Bailway  Ex- 
change Bldg.,  Chicago,  111. 
Jordan,  WhjIjIS  Bobebt.    Care,  Asst.  Engr.,  P.  B.  B.,  Harrisburg,  Pa. 
KAT7FFMAN,  Vebnbt  AiiBEBT.    717  MaJcstic  Bldg.,  Denver,  Colo. 
Klbinbchmidt,  Henbt  Schwino.    Asst.  Engr.,  U.  S.  Bedamation  Service, 

Salt  Lake  City,  Utah. 
Lambib.  ChabIiBB  SuMNEB.     Asst.  Engr.,   Wheeling  &  Lake  Erie  B.  B. 

Co.,  Wabash  Pittsburgh  Terminal  By.  Co.,  West  Side  Belt  B.  B. 

Co.,  405  Wabash  Bldg.,  Pittsburg,  Pa. 
Lee,  Gbobge  WhiLIAM.    Care,  Sundstrom  &Stratton,  Fort  Miller,  N.  Y. 
LoNOi*ET,    Fbangis   FieiiDINQ.     The  Bockingham,  Bhode  Island  Ave. 

and  14th  St.,  Washington,  D.  C. 
MoCboby,  Sol.    Care,  Boom  6,  Santa  Fe  General  Offices,  Topeka,  Kans. 
PifOOSTED,  Walteb  John.    Care,  Indiana  Harbor  B.  B.,  400  La  Salle 

Stetion,  Chicago,  111. 
Pobteb,  John  Endicott.    59  N.  Stockton  St.,  Trenton,  N.  J. 
BiEDEii,  Arthur  Emil.    78  Owsley  Blk.,  Butte,  Mont. 
Sabin,   BAiiPH  Habvey.     Bes.   Engr.,  Brookville  &  Mahoning  B.   B., 

Brookville,  Pa. 
Saybbs,  Edwabd  Lawrence.     Oare,   Wm.  P.  Watson,  Box  191,   Salem» 

Ind. 
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SooTT,  Guy.  Asst.  Engr.,  Penn.  Lines  W.  of  Pitts.,  Cleveland  &  Pitts- 
burgh Div.,  1297  Euclid  Ave.,  CJleveland,  Ohio. 

Shebwood,  Fbedebick  Auoubtub.    Box  1052,  New  Haven,  Ck)nn. 

Stabb,  William  H.    3  West  8th  St.,  New  York  aty. 

SiTTTON,  Chables  Wood.    Apartado  592,  Lima,  Peru. 

Tatlook,  Jambb  Llotd.    Pelham  Manor,  N.  T. 

Williams,  Howabd  Shay.  Care,  Gratton  Ck>ntr.  Co.,  EllicottSq.,  Buffalo, 
N.  Y. 


DEATHS. 

Baieb,  Julius.  Elected  Junior,  September  7th,  1887 ;  Associate  Mem- 
ber, June  1st,  1892 ;  Member,  February  6th,  1901 ;  died  May  8th, 
1905. 

Gabtwbioht,  Bobebt.  Elected  Member,  July  10th,  1872 ;  died  June  4th, 
1905. 

Haines,  Fbank  Mabch.  Elected  Member,  March  1st,  1905,;  died  June  1st, 
1905. 

MoBiBON,  William  Smith.  Elected  Associate  Member,  April  6th,  1904 ; 
died  May  1st,  1905. 

Myebs,  Edmund  TBOwsBiDaE  Dana.  Elected  Member,  May  2d,  1888 ; 
died  May  12th,  1905. 

Walkeb,  Geoboe  Glabk.    Elected  Fellow,  February  6th,  1873 ;  died  April 

12th,  1905. 
WooLLABD,  Geobge  Clipton.     Elected  Junior,  April  3d,  1900 ;  died  June 

3d,  1905. 
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MONTHLY  LIST  OF  RECENT  ENQINEERINQ  ARTICLES  OF 

INTEREST. 

(May  7th,  1905,  to  August  3d,  1905.) 

Note. — This  list  is  puhliahed  for  the  purpose  of  placing  before  the 
members  of  the  Society,  the  titles  of  current  engineering  articles, 
which  can  be  referred  to  in  any  available  engineering  library,  or  can 
be  procured  by  addressing  the  publication  directly,  the  address  and 
price  being  given  wherever  possible. 

LIST  OP  PUBLICATIONS. 

In  the  subjoined  list  of  articles  references  are  given  by  the  num* 
ber  prefixed  to  each  joumcd  in  this  list. 


(1)  /ottmol,   Assoc.   Bng.    Soc..    257 

South    Fourth     St.,     Philadel- 
phia. Pa.,  80c. 

(2)  ProceedinoB,     Engrs.       Cluh     of 

Phila..  1122  Olrard  St.,  Phila- 
delphia, Pa. 

(3)  Journal.    Franklin    Inst,    Phila- 

delphia, Pa.,  50c. 

(4)  Journal,  Western  Soc.  of  Engrs., 

Monadnock  Block,  Chicago,  111. 

(5)  Transactions,    Can.    Soc    O.    B., 

Montreal,  Que.,  Canada. 

(6)  School  of  Mines  Quarterly,  Co- 

lumbia Uniy.,  New  York  City, 
50c. 

(7)  Technoloffv  Quarterly,  Mass.  Inst. 

Tech.,  Boston,  Mass.,  75c. 

(8)  atevcns  Institute  Indicator,  Ste- 

vens Inst.,  Hoboken,  N.  J.,  50c. 

(9)  Engineering  Magasine,  New  York 

City,  26c 

(10)  Cwsier's    Magazine,    New    York 

City.  25c 

(11)  RMineering     (Iiondon),     W.    H. 

Wiley,  New  York  City,  25c 

(12)  The   Engineer    (London),    Inter- 

national  News  Co.,  New  York 
City.  35c. 

(13)  Engineering    News,    New    York 

City.  15c. 

(14)  The    Enoineenng    Record,    New 

York  City.  12c. 

(15)  Railroad  Oasette,  New  York  City, 

10c. 

(16)  Engineering  and  Mining  Jowmal, 

New  York  City,  15c 

(17)  Street     Rail^Day     Joumai,     New 

York  City.  Issues  for  first 
Saturday  of  each  month  20c., 
other  issues  10c. 

(18)  Railway    and    Engineering    Be- 

view,  Chicago,  In.,  10c 

(19)  Scientific  American  Supplement, 

New  York  City,  10c. 

(20)  Iron  Age,  New  York  City,  10c. 

(21)  Railway  Engineer,  London,  Eng- 

land, 25c. 

(22)  Iron   and   Coal    Trades    Review, 

London.  England,  25c. 

(23)  Bulletin,  American  Iron  and  Steel 


Assoc,  Philadelphia,  Pa. 
Light     ~ 
New  York  City.  10c. 


(24)  American     Oas     Light    Journal, 


(25)  American    Engineer,    New    York 

City.  20c 

(26)  Electrical  Review,  London,  Eng- 

land. 


(27)  Eleotricta   World  and   Engineer, 

New  York  City.  10c 

(28)  Journal,    New    England    Watar* 

Works  Assoc,  Boston,  $1. 

(29)  Journal,    Society    of   Arts,    Lon- 

don. England,  15c 

(30)  Annales  des  Travaux  Publics  de 

Belaique.  Brussels,  Belgium. 

(31)  AnnaXes    de     V Assoc,    des    Ing. 

Sortis  des  Ecoles  Speciales  ae 
Oand.  Brussels,  Beteum. 

(32)  Memoires  et  Compte  Rendu  des 

Travaux,    Soc.    Ing.    Ciy.    de 
France,  Paris,  France. 

(33)  Le  Oenie  Civil,  Paris,  France. 

(34)  Porte fouille  Economique  des  Ma- 

chines, Paris,  France. 

(35)  Nouvelles    Annales    de    la    Con- 

struction, Paris,  France. 
i36)  La      Revile      Technique,     Parla, 
France. 

(37)  Review     de     Meeanique,    Paris, 

France. 

(38)  Revue  Oenerdle  des  Chemins  de 

Fer  et  des   Tramways,   Paris. 
France. 

(39)  Railway   Master  Mechanic,   Chi- 

cago, 111.,  10c 

(40)  Railway  Age,  Chicago.  111.,  10c 

(41)  Modem  Machinery,  Cnicago,  111., 

10c 

(42)  Transactions,    Am.    Inst.    Elect. 

Engrs.,  New  York  City,  50c. 

(43)  Annales  des  Ponts  et  Ohaussees, 

Paris,  France. 

(44)  Journal,   Military   Senrice   Insti- 

tution, Goyemor's  Island,  New 
York  Harbor,  50c. 

(45)  Mines    and    Minerals,    Scranton, 

Pa.,  20c 

(46)  Scientific   American,    New    York 

City,  8c. 

(47)  Mechanical    Engineer,    Manches- 

ter. England. 

(48)  Zeitschrift,  Verein  Deutscher  In- 

genieure,  Berlin,  Oermany. 

(49)  Zeitschrift  fUr  Bauu>esen,  Berlin, 

Germany. 

(50)  Stahl  und  Eisen,  Dfisseldorf,  Oer- 

many. 

(51)  Deutsche      BauMeitung,      Berlin, 

Germany. 

(52)  Rigasche  Industrie-Zeitung,  Riga, 

Russia. 

(53)  Zeitnchrift,  Oesterrelchischer  In- 

genieur  und  Archltekten  Ver- 
ein, Vienna,  Austria. 
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(54)  TranaaotionM,    Am.    Soo.    a    B.. 

New  York  City.  f6. 

(55)  TrantactUniB,    Am.    Soc    M.    B., 

New  York  City.  |10. 

(56)  Tranaaotion9,     Am.     Inst     Mtn. 

Bngn-t  New  York  City.  $6. 

(57)  OolUery  Ovardian,  London.  Bns- 

land. 

(58)  Praceedinga,  Bng.   Soc   W.  Pa., 

410  Penn  Aye.,  Pittsburg.  Pa.. 
60c.  ,  _        - 

(59)  TranaacUofiB,    Mining     Inst     of 

Scotland.    London    and    New- 
castle-npon-Trne,    Bngland. 

(60)  Municipal    Bngineering,    Indian- 

apolis. Ind..  26c. 

(61)  Proceedinga,     Western     Railway 

Club.   225   Dearborn   St..   Chi- 
oago.  111.,  26c 

(62)  American  Manufaotwrer  and  Iran 

World,  69  Ninth  St,  Pittsburg. 

P»-  -         ^ 

(63)  MinuteM  of  Proccedina;  Inst  C. 

B.  London.  Bngland. 

(64)  Pov>er,  New  York  City.  20c_    ^ 

(65)  Official  Prooeodinga,   New  York 

Railroad  Club.  Brooklyn.  N.  Y.. 
16c. 

(66)  Journal  of  (hu  Lighting,  LondOQ. 

Bngland,  16c 

(67)  Cement   and   Engineering   Newa, 

Chicago,  111..  26c 


(68)  Mining    Journal,    London.    Bng- 
land. 

(70)  Engineering    Review,    New    York 

City.  10c 

(71)  Journal,    Iron    and    Steel    Inst. 

London.  Bngland. 

(72)  Street  Railway  Review,  Chicago. 

80c 

(73)  Electrician,     London.      Bngland. 

18c 

(74)  Tranaactiona,    Inst,   of   Min.   and 

Metal..  London.  Bnglaad. 

(75)  Proreedinga,      Inst.      of      Mech. 

Bngrs..  London.  Bngland. 

(76)  Brick,  Chicago,  10c. 

(77)  Journal.  Inst.  Elec.  Bngrs.,  Lon- 

don.^ Bngland. 

(78)  Beton  una  Biaen,   Vienna.   Aus- 

tria. 

(79)  Foracherarheiten,    Vienna.     Aus- 

tria. 

(80)  Toninduatrie-Zcitung,  Berlin. 

Germany. 

(81)  Zeitachrift    fur   Architektur   und 

Ingenieuru^eaen,        Wiesbaden, 
Germany. 

(82)  Dinglera     Polytechniachea    Jour- 

nal, Berlin,   Germany. 

(83)  Progreaaive  Age,  New  York  City, 

15c. 


UST  OP  ARTICLES. 
Bridge. 

Concrete- Steel  Bridges.*    Frits  von  Bmperger.      (54)  Vol.  64.  Pt.  B. 

Some  Primary  Truss  Principles.     Myron  S.  Falk.     (6)  Apr. 

Transporter  Bridge  oyer  the  Mersey.*      (12)   May  6;    (11)   June  2;    (11)    June 

16;    (47)   June  3. 
The   Reconstruction    of   the    Point    Bridge.    Pittsburg.*       (14)    Serial    beginning 

May    6. 
The  Pine  Creek  Long-Span.  Plate-Girder  Bridge.*     (14)   May  6. 
Standard  Bridge  Plans  and  Specifications  of  the  Harriman  Lines.*      (18)  May  6; 

(15)   July  28. 
Reinforced  Concrete  Arch   Bridge  at  Yorktown.   Ind.*      (13)    May  11. 
The  Mississippi  River  Cantilever  Bridge  at  Thebes,   111.*      (13)   May  11;    (15) 

May  26. 
Scherzer  Lift  Bridge  over  the  River  Swale.*     (II)  Serial  beginning  May  12. 
Details    of    Blackwells    Island    Bridge    Superstructure.       (14)    Serial    beginning 

May  20. 
The  Oak  Lane  Bridge,  Reading  Ry..  Philadelphia.      (14)   May  20. 
The  Erection  of  the  Short  Line  R.  R.  Bridge  at  Minneapolis.*      (14)  May  20. 
Substructure  and  Falsework  Construction  for  the  Gilbertsville  Bridge.*      (14) 

May  20. 
Design  and  Construction  of  High  Bridge  Piers  of  Reinforced  Concrete.*     Wm.  M. 

Torrance.      (13)   May  25. 
Ballasted   Bridge  Floors.*     A.   F.  Robinson.      (4)    June. 
The  Condition  and  Defects  of  Bariy  Wrought  Iron  Bridges.*      (21)   June. 
Wreck  of  the  Portage  Canal  Draw-Bridge.*      (13)   June  1. 
The  Connecticut   Avenue   Concrete  Arch   Bridge   at   Washington.    D.   C*      (13> 

June   1;    (14)   July  8. 
Erection  of  the  Walnut  Street  Long-Span  Girder  Bridge.   Philadelphia.*      (14) 

June  3. 
The  Cantilever  Erection  of  the  St.  Joseph  Drawbridge.*      (14)   June  3. 
Reconstruction  of  the  Horse  Run  Viaduct:  Cincinnati  Southern  Railway.*      (13) 

June  8. 
The  Fades  Viaduct  over  the  Sioule  River  near  Vauriat,  France.*      (13)  June  8. 
Erection  of  the  Channel  Span  of  the  Benwood  Bridge.*      (14)   June  10. 
The  New  Westminster  Bridge  over  the  Fraser  River,  British  Columbia.*      (I3> 

Serial  beginning  June   15. 
The  St.  Louis  Southwestern  Bridge  at  Shreveport.*      (15)    June  16. 
Replacing  a  Howe  Truss  Span  with  Plate  Girders.*     (14)  June  17. 
Grand  River  Reinforced  Concrete  Bridge.  Grand  Rapids,  Mich.     (14)  June  17. 
Concrete   Bridge  over  the   Big  Muddy   River,   Illinois  Central   Railroad.*      (19) 

June  17. 


*  Illustrated. 
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Bridce— (Contlaned) . 

The  Highway  Bridge  over  the  Wabash  River  at  Torre  Haute.*     ( 14)  June  17 ; 

(IS)    Julv  7. 
Double  Lift  Bridge:    Central  of  New  Jersey.*     (40)  June  23. 
The  Double-Track  Austerlltz  Bridge.  Paris.*      (14)  June  24. 
Bridge  over  the  River  Zambesi  at  Victoria  Falls,  Rhodesia.*      (11)    Serial  be- 
ginning July  7. 
A  Reinforced  CJoncrete  Bridge  in  Manila.*      (14)  July  8. 
The  Tennessee  River  Bridge  of  the  Illinois  Central.*     H.  W.  Parkhurst.      (15) 

July  14. 
Reinforced   Concrete   Bridge   Floors,   Culverts   and  Abutments,   Wabash   R.   R.* 

(18)    July  15. 
Cantilever  Erection  of  Simple  Riveted  Railroad  Spans.*     (14)  July  16. 
Three-Hinged  Steel  Arch  Bridge  at  Exeter,  England.*     (13)  July  20. 
Maximum  Bending  Moments  due  to  Rolling  Loads.*      (12)   July  21. 
Cantilever  Bridge  over  the  Mississippi  River.*     (12)  Serial  beginning  July  21. 
The  Deflection  of  Continuous  Rail-Bearers.     Max  am  Bnde,  M.  Inst.  C.  B.     (11) 

Serial  beginning  July  21. 
The  New  Manhattan  Terminal  for  the  Brooklyn  Bridge.*      (15)   July  14;    (40) 

July  21. 
The  Thebes  Bridge  Superstructure.*      (14)  July  22. 
Completion  of  Victoria  Falls  Bridge.*      (46)   July  22. 
The  Newark  Viaducts  of  the  Lackawanna  Raiin>ad.     (14)   July  22. 
Test  of  Concrete  Bridge  Floors.     (14)  July  22. 
Specifications  for  the  Manhattan  Bridge.*      (20)   July  27. 
Cables  for  the  Manhattan  Bridge.*      (15)  July  28. 

Bascule  Bridge  of  the  New  Orleans  Terminal  Company.*      (15)   July  28.      " 
The  Concrete  Viaducts  of  the  Thebes  Bridge.*      (14)   July  29. 
The  Erection  of  the  Great  Tonoloway  Creek  Bridge.*      (14)  July  29. 
Replacing  a  Four-Track  Bridge  under  Heavy  TraAc*      (14)   July  29. 
The  Superstructure  of  the  Manhattan  Bridge,  New  York.*      (14)    July  29. 
Application  de  la  M6thode  des  Joints  Sees  a  la  Construction  des  Voutes  Biaises.* 

M.  Th6rel.     (43)   ler  Trimestre. 
Galcul  des  Ponts  en  Arc  et  des  Ponts  Suspendus.*     M.   Consldftre.      (43)    ler 

Trimestre. 
Omstructlon  de  Deux   Ponts   Suspendus  Rigldes    (Systdme  Qlsclard).     Maurlc* 

L6vy.      (43)   ler  Trimestre. 
Application  du  SystAme  de  la  Suspension  aux  Ponts  de  Grande  Ouverture  pour 

Voles  Ferries.     M.  Arnodin.      (43)    ler  Trimestre. 
Entretien    des    Chaussies    Empierrdes:     Les    Rechargements    G6n4raux    Cylin- 

dr^.     L.  Cendre.     (36)  Apr.  25. 
Viaduc  d'Austerlits  sur  la  Seine  pour  la  Chemin  der  Fer  M6tropolitaln  de  Paris.* 

A.  Dumas.      {S3)   Apr.  29. 
Le  Pont  sur  le  Zambtee.*     (.33)  June  3. 
Les  Ponts  M^talliques,  Systdme  Vierendeel :     Pont  a  Arcades  d'Avelghem   (Bel- 

gique).*     A.  Morlsot.      (33)   June  17. 
Appontement  M6tallique  de  Lome   (Afrlque  Occidontale)  .*     (33)  July  15. 
Qenauere  Behandlung  Statisch  Unbestimmter  Paralleltr&ger  und  Vergleich  mil 

der  NiLherungsrechnung.     Frledrich  Hartmann.     (53)  Apr.  28. 
Die  Hansabrttcke  su  Stettin.*     (48)  Apr.  29. 
Die  Troltzky-Brllcke  fiber  die  Newa  in  St.  Petersburg.*     G.  Kriwoschein.     (51) 

May   17. 
Die  Neuen  Nilbrflcken  in  Kairo.*     Josef  Rossh&ndler.     (53)   May  26. 
Untersuchung  eines  Flachen   Bogens  mlt  Festen   Kilmpfergelenken  Beansprucht 

von  Horizontalen  Kr&ften.*     G.  Ramisch.      (82)   Serial  beginning  June  17. 
GewSIbte  Brflcke  in  Stampfbeton  mlt  Betongelenken  fiber  die  Lenne  in  Halden 

1.  W.*     (51)  June  21. 
Bin    Neuer   Blegungazelchner   und    die   damlt    Gemessenen    Stosswirkungen    von 
Strassenfahrzengen  auf  Brfickentrftger.*  Osske.   (78)    Serial  beginning  July. 
Die  Treskow-Brficke  zu  Oberschdneweide  bel   Berlin.*      Karl   B^rnhard.      (48) 
Serial  beginning  July  15. 

Btoctrlcal. 

Operations  of  the  Hudson  River  Water-Power  Company.*     C.  E.  Parsons.     (56) 

Vol.  84. 
Electrical   Power-Generating   Stations   and   Transmission.*      L.   B.   Stillwell.   M. 

Am.  Soc.  C.  E.     (54)   A^l.  64,  Pt.  D. 
On  Shunt  Resistances  and  Temperature  Compensation  for  Ammeters.*     Albert 

Campbell.     (77)   Vol.  35. 
The  Dissymmetry  of  a  Three-Phase  System.     Allan  B.  Field.     (77)  Vol.  35. 
The  Alternating-Current  Series  Motor.*     F.  Creedy.     (77)  Vol.  35. 
Earthing.*     W.  W.  Lackie.     (77)  Vol.  36. 
Notes   on    Some   Effects    in    Three- Phase   Working.*      W.    M.    Thornton.      (77) 

Vol.  86. 
Distribution  of  Electrical  Energy.*       John  Francis  Cleverton  Snell,  M.  Inst.  C. 

E.     (63)  Vol.  159. 
Tests  of  Steel  for  Electric  Conductivity,  with  Special  Reference  to  Conductor 

Rails.*     J.  A.  Capp.      (56)    Vol.   34. 

*I11UBtrated! 
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Btoctrical— (CoBtln  a«d). 

Protection  of  Cables  from  Arcs  Due  to  the  Failure  of  Adjacent  Cables.    W.  <k 

Carlton.     (42)  Mar.  1904. 
Synchronous  Motors  for  Regulation  of  Power-Factor  and  Line  Pressure.     B.  Ck 

Lamme.      (42)   May,  1904. 
Long  Spans  for  Transmission  Lines.*     F.  O.  Blackwell.     (42)  May.  1904. 
Conditions   for   Continuous    Senrlce   oyer   Lines   Operated   in   Parallel.*    M.   H. 

(Jerry/  Jr.     (42)   May,  1904. 
The  Use  of  Ground- Shields  in  Transformers.     J.  8.  Peck.     (42)  May,  1904. 
The   Protection   of   High-Pressure  Transmission   Lines  from  Static   Discharges. 

H,  C.  Wirt.     (42)  May,  1904. 
Acyclic   (Homopolar)   Dynamos.*     J.  B.  Noeggerath.     (42)   Jan. 
Modern    Central    Station   Design   as   Bxemplifled   by  the   New  Turbo-Oenerator 

Station   of  the   Edison   Electric   Illuminating   (company   of   Boston.*     I.   B. 

Moultrop.     (42)  Jan. 
Relation  of  Power  Capacity  to  Current  Capacity  in  Alternators.*     A.  Saunders 

Morris.     (8)  Apr. 
Some  Notes  on  Polyphase  Metering.*     J.  D.  Nies.     (42)  Apr. 
Notes  on  the  Use  of  Instruments  on  Switchboards.     F.  P.  Cox.     (42)  Apr. 
The  Oscillograph  and  Its  Uses.*     Lewis  T.  Robinson.     (42)  Apr. 
Maintenance  of  Meters.     W.  J.  Mowbray.     (42)  Apr. 
Electrical  Repairs  at  Sea.*     (26)  Apr.  28. 
Considerations  Relating  to  the  Design  of  the  Armature  Slot  Insulation  in  High 

Voltage  Alternating  Current  Generators.*     H.  M.  Hobart.      (26)   Serial  be- 
ginning Apr.  28. 
Some  Notes  on  the  Efficiency  of  Steam  Plant  (in  electricity  works).     Walter  A. 

Vignoles.      (73)   Apr.  28. 
Heat    Conduction    and    Radiation    of    Insulating    Varnishes.      John    C.    Dolph. 

(From  the  Electrical  Beviao  of  New  York.)      (73)  Apr.  28. 
Time- Limit  Relays.*     Oeorge  F.  Chellis.     (42)  May. 
Duplication  of  Electrical  Apparatus  to   Secure  Reliability  of  Seryice.     H.   W. 

Buck.      (42)   May. 
Limits  of  Injurious  Sparking  in  Direct-Current  Commutation.     Thorburn  Reld. 

(42)    May. 
Underground  and  Submarine  Conduits  for  Electric  Wires.*     D.  A.  Harrington. 

(Paper  read  before  the  Boston  Soc.  Ciy.  Engrs.)      (1)  May. 
The  Value  of  Oyerhead  Mains  for  Electric  Distribution  in  the  United  Kingdom. 

O.  L.  Addenbrooke.     (77)   May. 
Setting  Type  by  Telegraph.*     Donald  Murray.     (77)  May. 
Report    on    Temperature    Experiments    Carried    Out    at    the    National    Physical 

Laboratory.*     E.  H.  Rayner.      (77)   May. 
Temperature    Cunres    and    the    Rating   of    Electrical   Machinery.*      Rud.    Oold- 

schmldt.     (77)  May. 
Street  Lighting  by  Electric  Arc  Lamps.*     H.  B.  Maxwell.      (77)  May. 
The  Electrical  Operation  of  Textile  Factories.*     H.  W.  Wilson.     (77)  May. 
Oas-Driyen  Electrical  Power  Station  at  Bridgewater,  Ofsat  Britain.*     I.  Will- 
iam Chubb.     (64)  May. 
Installing  Electrical  Machinery.*     Norman  O.  Meade.      (64)    May. 
The  Efficiency  and   Practical   Importance  of   (Common   Sources  of   Light.*     W. 

Wedding.      (Abstract  tr.   from   Journal  fur  €fa$l>eleuchtung.)      (oo)    Serial 

beginning  May  2. 
Harmonic    Analysis    Reduced    to    SimpllcKy.      Silyanus    P.    Thompson.       (73) 

May  5. 
Notes  on  the  Effect  of  Electric  OscUlctfons  on  Magnetism.     L.  H.  Walter.     (73) 

May  6. 
German  Regulations  for  the  Ckmtrol  of  Spark  Telegraphy.     (73)  May  5. 
Electric  Lighting  and  Railway  (Construction  in  the  Fhilippines.*     (27)  May  6. 
A  Conyenient  Form  of  Oscillograph.*     F.  A.  Laws.     (z7)   May  6. 
Electricity  in  Textile  Mills.     (14)    May  6. 
New  Power  Station  at  Manchester.  England.*      (17)  May  6. 
A   New   Battery   Switch.*     C.   Liebenow.     (Abstract  of  Paper  read   before   the 

Elektrotechnlsher  Verein.)      (26)   May  12. 
The  General  Electric  Co.'s  Telephone  and  Bell  Factory.*      (73)    Serial  begin- 
ning May  12. 
The  Mercury  A/c.*      (27)    May  13. 

Lightning  ProCeetion  for  High-Voltage  Circuits.     (27)  May  13. 
Underground  Mlectric  Conduit  System  in  New  Orleans.*      (27)   May  13. 
Calculation  Of  Pull  Due  to  Solenoids.*     Charles  R.  Underbill.     (27)  May  18. 
The  Electric  Lighting  Situation  in  Paris.     (27)   Serial  beginning  May  18. 
The  Analysis  of  Alternator  Cunres.     Charles  F.   Smith,  A.  M.   I.  C.  E.      (47) 

Seri«t  beginning  May  13. 
The  Curtis  Turbo-Generator.*      (73)  May  19. 

Hydrftiillc  Station.  La  Goule.  Switzerland.*     F.  M.  Bryan.     (27)  May  20. 
The  Law  of  the  Plunger  Electromagnet.*     Charles  R.  Underhill.     (27)  May  20. 
Mster  Testing  for  Small  Stations.*     A.  E.  Walden.     (27)  May  20. 
The  Massie  wireless  Telegraph  System.*     A.  Frederick  Collins.     (19)  May  20; 

(27)   July  29. 

illustrated. 
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Blectrical— (Contlnaed) . 

Modern    Lightning   Conductors.      Klllingworth   Hedges,    M.    Inst.    C.    B.      (29) 

May  26. 
The  New  Works  of  Messrs.  Ernest  Bcott  ft  Mountain,  Limited.*     (22)  May  26; 

(26)   May  26. 
A  Boston  Office  Building  Electrical  Plant.*     (27)  May  27. 
Wireless  Telegraphy  In  Germany.     A.  Frederick  Collins.     (27)   May  27. 
Moore  Vacuum  Tube  Light.*     (27}  May  27. 

Testing  Department  of  the  General  Electric  Company.     (27)  May  27. 
Electrical  fiquipment  of  a  Railway  Shop.*     (27)  May  27. 
Barclay's  Printing  Telegraph.*     (From  the   Western  Electrician.)      (19)    May 

27:   (15)   June  9. 
The  Electrical  Fire  Hazard.*     Wm.  T.  Benallack.     (4)   June. 
High  Voltage  Direct-Current  Transmission.*     G.  W.  Worrall.      (64)    June. 
The  Erection  of  a  Direct-Current  Dynamo.*     L.  H.  Pike.      (64)   June. 
The  Design  of  Induction  Motors.    With  Special  Reference  to  Magnetic  Leakage.* 

Comfort  A.  Adams.      (42)    June. 
A   New    Instrument   for   the   Measurement    of   Alternating   Currents.*      B.    F. 

Northrup.      (42)    June. 
Limitations    in    Direct-Current    Machine    Design.*      Sebastian    Senstius.      (42) 

June. 
Methods  of  Measurement  of  High  Electrical  Pressures.*     S.  M.  Klntner.     (42) 

June. 
On  the  Use  of  Aluminium  for  Overhead  Power  Lines.     W.  B.  Bsson.      (73) 

June  2. 
The  Mercury  Arc   Lamp   and   Rectifier.     E.   Weintraub.     (27)    June   8 ;    (73) 

June  23. 
A  New  System  of  Street  Illumination.*     Samuel  Ferguson.     (27)   June  8. 
Tests  of  the  Tantalum  Lamp.*     Louis  Bell  and  W.  L.  PufFer.     (27)   June  8; 

(73)   June  28. 
Central  Station  Development  in  Denver.     (27)   June  3. 
Electric  Light  and  Power  in  Colorado  Springs.*      (27)   June  8. 
A  Diagram  of  the  Circuits  of  the   Dynamotor.*     A.   E.   Kennelly  and   S.   B. 

Whiting.      (27)    June  3. 
Some    European   High-Tension    Switchboards.*      F.    Niethammer.      (27)    Serial 

beginning  June  8. 
Distance  Control  by  Electric  Waves.     (19)  June  8. 
Insulating  Varnishes  as  Heat  Conductors  and  Radiators.     (17)  June  8. 
Test  of  a  5  000-kw.  Alternator.*     L.  L.  Oalllard.     (Abstract  from  Blec.  Club 

Journal.)      (73)   June  9. 
Electromagnetic  Waves.*     (11)  June  9. 

Continuous  Current  Generators  for  Johannesburg.*      (73)   June  9. 
A  New  Ultra- Violet  Mercury  Lamp.     O.  Schott.     (19)  June  10. 
The  Hydro- Electric  Power  Station  at  Ladermler.*     S.  Herzog.     (27)  June  10.   . 
Measuring  the  Slip  of  Induction  Motors.*     F.  Lawton  Stone..    (27)  June  10. 
The  Design  of  Transformers.     A.  Press.     (26)  June  16. 
Eddy  Current  Losses  in   Solid  Pole-Pieces.     R.  Rfidenberg.     (Abstract.)      (26) 

June  16. 
The  Osmium  Incandescent  Lamp.      (26)   June  16. 
The  Mercury  Arc*     E.  Weintraub.     (Abstract  of  Paper  read  before  the  Amer. 

Electrochemical  Soc.)      (73)   June  16. 
Determination  of  Wattmeter  Correcting  Factors  by  Means  of  the  Oscillograph.* 

Stanlev  P.  Smith.      (73)   June  16. 
Leakage  Indicators.*     F.  Charles  Raphael.     (73)   June  16. 
Recent  Developments  In  Wireless  Tefefn'aphy.*      (19)   June  17. 
Selection  of  Transmission  Voltages.     Alton  D.  Adams.     (46)  June  17. 
Electrical    Engineering    at    the    Kyoto,    Japan,    Imperial    University.*       (27) 

June  17. 
External  Reactance  for  Synchronous  Converters.*     Clarence  P.  Fowler.      (27) 

June   17. 
The    Tantalum    Incandescent    Lamp.      Louis    Bell.       (Paper    read    before    thi 

National  Elec.  Light  Assoc.)      (24)  June  19 ;   (60)  Aug. 
Power  Distribution  in  the  Clyde  Valley.*     (22)  June  28. 
The  Clyde  Valley  Electrical  Power   System.*     (73)    June  23;    (26)    June  23; 

(12)   June  28. 
Notes  on  Iron  Loss.     F.  Lydall.     (26)  Serial  beginning  June  23. 
The  Diversity  Factor,  and  Its  Influence  on  Motor  Load  Charges.     A.  M.  Taylor. 

(26)   June  28. 
Electricity  in  Brazil.     W.  Whyte  Galley,  A.  M.  I.  E.  E.     (26)  June  28. 
An  Experimental  Study  of  Electric  Waves  and  Their  Applications.*     Edouard 

Branly.     (19)   June  24. 
Niagara  Power  in  Toronto.*     (27)   June  24. 
Booster  Field  Control.     Carl  P.  Nachod.      (27)   June  24. 
Load   Factor:     Its    Effect    upon    an    Electricity    Station.      Alexander    Sinclair. 

(Paper  read  before  the  Inc.  Mun.  Elec.  Assoc.)      (73)  June  80. 
Street   Lighting.      B.   B.    Hoadley.      (Paper   read    before   the   Inc.   Mun.    Blec. 

Assoc.)      (73)   June  30. 
The  Starting  of  Induction  Motors.*     Frank  Lewis.     (26)   June  80. 

*  Illustrated. 
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6lecCrlcal-(CoBtlnMd). 

An    Australian    Station    Having    Compound-Wound    Dynamos    Paralleled    with 

Accumulators.*     B.  Kilbum  Scott.     (26)  June  80. 
A  New  Carbon  Filament.     John  W.  Howell.     (42)   Julr. 
Alternate  Current  Machinery:  Induction  Alternators,    wm.  Stanley  and  G.  Fac- 

cioli.     (42)  July. 
Notes  on  tne  Power-Factor  of  the  Alternating-Current  Arc.^     Oeo.  D.  Shepard- 

son.     (42)  July. 
Eddy  Currents  In  Xtarge  Slot- Wound  Conductors.*     A.  B.  Field.     (42)  July. 
Data  Relating  to  Electric  Conductors  and  Cables.*     H.  W.  Fisher.     (42)  July. 
An  Experimental   Study  of  the  Rise  of  Potential  on  (Tonmiercial  Transmission 

Lines    Due   to    Static   Disturbances    Caused    by    Switching,    Grounding,    etc. 

Percy  H.  Thomas.      (42)    July. 
High-Power    Surges    in    Electric    Distribution    Systems    of    Great    Magnitude.* 

(Varies  Proteus  Steinmets.      (42)   July. 
Constant  Current  Mercury  Arc  Rectifier.*      Charles  Proteus   Steinmets.      (42) 

July. 
Synchronous  Conyerters  and  Motor  (Generators.     W.  L.  Waters.     (42)  July. 
The  Deyelopment  of  the  Manufacture  of  the  Edison  Incandescent  Electric  Lamp 

—1881-1905.     J.  T.  Marshall.      (3)    July. 
Electrical  Wares  and  the  Beharior  of  Long  Distance  Transmission  Lines.     W. 

S.  Franklin.     (3)  July. 
Electric  Power  Developments  in  Mexico.*    Francis  O.  Blackwell.     (10)  July. 
Operating  Features  of  Vertical   Curtis   Steam   Turbines.*      August  H.   Kruesl. 

(Paper  read  before  the  Nat.  Elec.  Light  Assoc.)      (14)  July  i. 
Transmission  of  Niagara  Power  to  Toronto.*     (27)  Serial  beginning  July  1. 
Electric  Spark  Recorder.*     F.  W.  Springer.     (27)  July  1. 

Regulation  and  Efllciency  of  Transmission  Lines.     Harold  Pender.     (27)  July  1. 
On   a  Method  of  Potential  Regulation   Based  on  the  Different  Resistance  Be- 
havior of  Carbon  and  Tantalum  Lamps.*     A.  E.  Kennelly  and  S.  E.  Whit- 
ing.    (27)  July  1. 
A  Method  of  Calculating  the  Core-ZiCss  in  Large  Alternators.    T.  S.  Allen.     (27) 

July    1. 
A   Long  Distance  Electric   Power  Transmission   Line   in   Nevada.     E.   Prince. 

(13)  July  6. 
The  New  Electric  Power  House  at  Detroit.  Michigan.*      (26)   July  7. 
Proposed  Municipal  Lighting  Plant  for  New  York  City.*      (27)   July  8. 
Single-Phase  Induction  Regulator.*     B.  G.  Bergman.      (27)   July  8. 
Stone  Wireless  Telegraph  System.*      (27)   July  8. 
External  Causes  of  Sparking  in  Direct-Current  Machinery.     Sydney  Woodfleld. 

(47)  July  8 ;   (26)   June  80.  , 

New   Electrical    Engineering   Laboratories,    Liverpool   University.*      (26)    July 

14  :   (73)  July  7. 
Shunt  Motors  for  Electric  Cranes.*     Claude  W.  Hill.     (26)   July  14. 
Notes   on   the  Winding  of   Polyphase   Rotors.*      Leonard   J.   Pumphrey.      (26) 

July   14. 
A  New  System  of  Temporary  Wiring.*     (73)  July  14. 
High-Ten sion  Insulators.*      (73)   July  14. 

The  Testing  of  Alternators.*     Stanley  P.  Smith.     (73)  July  14. 
The  Measurement  of  Low  Resistances.*     Lancelot  W.  Wild.      (73)   July  14. 
10-Ton  Electric  Overhead  Traveller  at  the  Li6(?e  Exhibition.*     (11)  July  14. 
The   Variation    of   Electrical    Resistance    in    the   Contact   of   Carbon    and    Cast 

Iron.*     Eric  Schoenau.      (27)   July  15. 
The  Murgas  System  of  Wireless  Telegraph^.*      (27)   July  16. 
Combined  Telephony  and  Telegraphy.*      (27)   July  15. 
Variable  Speed  Dimamo.     (27)   July  15. 
The  Gas  Power  and  Heating  Plant  of  the  Atha  Tool  Ck>.*     J.  R.  Blbbins.     (14) 

July  15. 
Electric  Power  from  Blast  Furnaces.     P.  Eyermann.      (20)   July  20. 
A  French  28  000- Volt  Power  Transmission.*      (26)   July  21. 
Three-Wire  Distribution  for  Factories.     Ralnh  W.  Blrkett.     (73)   July  21. 
Three-Phase  Power  Measurement  without  Wattmeters.      (73)    July  21. 
Hydro-Electric  Works  at  Cusset.*      (12)  July  21. 
A  Norwegian  Hvdro-Electric  Plant.     C.  Smith.      (27)   July  22. 
Design  of  the  Telefunken  System.*     A.  Frederick  Collins.      (27)    July  22. 
Terminals  and  DlstribMtlon   Boards  in  Telephone  Exchanges.*     Arthur  V.  Ab- 
bott.     (27)    July  22. 
Long-Dlstance    Hicrh-Tension    Transmission    in    California.      John    A.    Brltton. 

(Abstract  of   Paper   presented   to   the   National    Elec.    Light   Assoc.)       (14) 

July  29. 
Test  of  a  1  000-kw.  Turbo-Generator  under  Service  Conditions.      (14)   July  29. 
Electrical  Power  Development  at  Portland    Ore.*      (27)   July  29. 
Transfer  Systems  and   the  Multiple  Board   in   Telephone  Exchanges.*     Arthur 

V.  Abbott.      (27)   July  29. 
Modem  Power-Plant  Design  and  Economics.*     Franz  Koester.     (9)  Aug. 
Power  Plant  Economy.      (64)    Ausr. 
Power  Plant  at  the  Factory  of  Edward  R.  Ladew.*     Paul  H.  Grimm,  M.  Am. 

Soc.  M.  E.      (64)  Aug. 


*  Illustrated. 
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Etoctrlcal-CConUiiMd). 

Les  Courants  de  Haute  Fr^uence  et  la  T616phoiile  sans  Fll.*     L.  Ancel.     (32) 

Feb. 
Lampe  Cooper-Hewitt  &  Vapeur  de  Mercure.*      (33)  May  27. 
Transport  d'Anergie  Alectrique  a  40  000  Volts,  entre  Gromo  et  Nembro   (Lorn- 

bardie).*     L.  J.  Sldler.      (33)   Serial  beKlnnlna;  July  8. 
Turbodynamos  und  Verwandte  Mascbinen.*     F.  Nletbammer.      (48)    Serial  be- 
ginning May  13. 
LokomotlVkran  mit  Elektrlscbem  Antrleb.*     (48)  June  8. 
Ueber  Ausgleicbmaschinen.*      (82)   June  10. 
Neuerungen  auf  dem  Gebiete  der  Wellentelegrapbie.     Adolf  Prascb.     (82)  Serial 

beginning  June  17. 
'Kryptol,    eln    Neuer    Elektrischer    Heizwiderstand.*      Arthur    Wiesler.       (82) 

June  30. 
Der  Elektrische  Tell  des  PrelsgekrOnten  Scblffsbebewerk-Projektes  "TJnlversell." 

Josef  Rothmflller.      (53)   Serial  beginning  June  30. 
Die    Elektrlscben    Bahnsysteme    der    Gegenwart.*      F.    Nlethanuner.      (Extract 

from  Paper  read  before  the  Elektrlker  Kongress  in  St.  Louis.)      (48)   Serial 

beginning  July  1. 
Blektriscbe  Aufzugsteuerung.*      (48)   July  8. 

Elne  Blektrisch  Betriebene  Fahrbare  Kabelbahn.*     Landmann.      (48)    July  22. 
Untersucbungen  fiber  den  Blnfluss  der  Brde  bei  der  Drahtlosen  Telegraphie.* 

J.  S.  Sachs.     Serial  beginning  July  22. 

Marlae. 

Naval  Architecture  In  Great  Britain.     Sir  William  H.  White,  President.  Inst. 

C.  B.     (54)   Vol.  64,  Pt.  D. 
The  Development  of  Japanese  Shipbuilding.*     S.  Terano.      (54)   Vol.  54.  Pt.  D. 
Experiments  on  Vibration  of  the  Japanese  Torpedo-Boat  Destroyers,  Harusame 

and  Hayatari.^     F.  P.  Purvis,  F.  Omori,   s.  Terano,   and  C  Shiba.      (54) 

Vol.  64,  Pt.  D. 
Dry  Docks.     Cuthbert  A.  Brereton,  M.  Inst.  C.  B.      (54)  Vol.  64,  Pt.  F. 
Dry  Docks  of  France.     A.  Joly.     (54)  Vol.  54.  Pt.  F. 
Temporary  Dry  Docks  for  Rapid  Construction.*     V.  B.  Timonoff,  M.  Am.  Soc. 

C.  B.      (54j   Vol.  64,  Pt.  F. 
The    Graving- Docks    of   Hong    Kong.      Albert    Denlson,    M.    Inst.    C.    B.      (63) 

Vol.  169. 
Electrical  Repairs  at  Sea.*     (26)  Apr.  28. 
The   Japanese   Armoured   Cruisers   Ktiauga   and   NissTtin.*      N.    Sollani.      (12) 

Apr.  28. 
6  000- 1. -H.- P.  Engines  for  the  Manchester  Corporation.*      (11)    Apr.  28. 
Margins  and  Factors  of  Safety,  and  Their  Influence  on  Marine  Designs.     A.  B. 

Seaton.      (Paper   read   before  the   Inst,   of   Naval  Archts.)      (11)    Apr.    28; 

(47)   Serial  beginning  Apr.  29. 
The  Russian  Volunteer  Fleet.     Herbert  Rowell.     (11)  Serial  beginning  Apr.  28b 
The  Corrosion  of  Copper  in  Sea  Water.*     Uthemann.     (Translated  fr.  the  Ger> 

man.)      (12)    May  6. 
Marine  Oll-Englnes  Consuming  Creosote  or  Other  Heavy  Oils.*     (ft)  May  19. 
H.  M.  Scout  Forward.*      (11)  May  19. 
The  Troopship  Dufferin*      (12)   May  26. 
Preventing  Vibration   in   Steamships.*      A.   Mallock.      (Paper   read   before  the 

Inst,  of  Naval  Archts.)      (11)   May  26. 
Recording   Angular  Velocities   of   Marine   Shafting.*      John   H.   Heck.      (Paper 

read  before  the  Inst,  of  Naval  Archts.)      (11)  May  26. 
Electric  Dead  Reckoner  Used  on  ValhcUla  in  the  Ocean  Race.*     (46)  June  8. 
Bending  Moments  of  Ships.     F.  H.  Alexander.      (Paper  read  before  the  Inst.  Of 

Naval  Archts.)      (11)   June  9. 
Submarines.     Sir  William  H.  White.      (19)    Serial  beginning  June  10. 
Anti-Fouling  Compositions.      (19)   June  10. 

Cavite  Steel  Floating  Dry  Dock.*     N.  A.  Berner.     (15)  June  23. 
The  Mexican  Central  Wharf  at  Tampico.*      (15)  June  23. 
The  Destroyer  Huazar.*     (11)  June  23. 
New  Marine  Type  Boiler.*      (12)  June  30;  (47)  July  8. 
The  Turbine-Driven  Isle  of  Man  Steamer  Viking.*     (11)  June  30. 
A  Modem  Method  of  Coast  Defense.*     Nick  J.  Quirk.     (41)  July. 
The  Cavite  Floating  Dock.*     Day  Allen  Willey.      (19)   July  1. 
Steam-Pipe  Explosion  on  Board  the  Steamship  Orizaba.*     David  G.  Watson  and 

Thomas  Carlton.      (Rept.  of  Board  of  Trade  Inquiry.)      (47)   July  1. 
The  Japanese  Battleship  Katori.     (11)  June  30;   (12)  July  7. 
The  Parsons  Steam  Turbine  on  German  Warships.*     Alfred  Gradenwitz.     (19) 

July  8. 
Recent   Developments   in  the  Application   of   Liquid   Fuel   to   Marine   Boilers.* 

(19)  July  8. 
The  Schllck  Pallograph.*     Alfred  Gradenwitz.      (19)   July  15. 
The  Comparative  Merits  of  Floating  Docks  and  Graving  Docks.      (13)   July  20. 
The  Influence  of  Depth  of  Water  on  the   Speed  of  Destroyers.*     Harold  Tar- 
row.      (Paper  read  before  the  Inst,  of  Naval  Archts.)      (II)   July  21;    (12) 

July   21. 

*Illustrated. 
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MarliM— (C4Nittaacd) . 

United  States  Battleship  New  Hampghire.*     (12)  July  21. 

Comparison   of   Turbines   and   Reciprocating   Engines   In   Steamers.*      William 

Oray.     (Paper  read  before  the  Inst,  of  Naval  Archts.)     (47)  July  22. 
Appareil  Enregistreur  des  Vibrations  des  Nayires  k  Vapour.*     (33)  June  24. 
Schuts  des  Kupfers  und  Seiner  Legierungen  gegen  die  ZerstOrung  durch  See- 

wasser.*     Uthemann.     (48)  May  6. 

Mechanical. 

The  Determination  of  Power  for  Rolling  Iron  and  Steel.*     Louis  Katona.     (56) 

Vol.   34. 
Some  Typical  Tests  of  Steam   Turbines.*     Francis  Hodgkinson,   M.  Am.   Boo. 

M.  B.      (54)  Vol.  54,  Pt.  B. 
The  Manufacture  of  Weldless  Steel  Tubes.*     John  David  Morgan.     (53)  Vol.  169. 
Mechanical  Construction  of  Steam  Turbines  and  Turbo-Generators.*     W.  J.  A. 

London.     (77)  Vol.  35. 
A   Method   of   Determinin|r   the   Moisture   Existing    in    Steam   at   Atmospheric 

Pressure.*     D.  S.  Jacobus.     (8)   Apr. ;    (70)    May. 
The    International    Portland    Cement   Works    at   Hull    P.    C,    Canada.*      John 

McClelland  Bulkley.     (67)  Apr. 
Commercial  Efficiency  of  Prime  Movers.     (12)  Apr.  28. 
Electric  Power  in  Steel  Works.*      (12)  Apr.  28. 
Arrangement  for  Governing  Large  das  Engines.*     (47)  Apr.  29. 
Steam  Turbines:  Discussion.*      (3)    May. 
Superheated  Steam.     J.  L.  Moore.      (58)  May. 
The  Abuse  and  Misuse  of  Brass  Valves.     J.  B.  Rollins.     (70)  May. 
Mechanical  Equipment  and  Sanitary  Work  in  the  Manual  Training  High  School, 

Brooklyn.  N.   Y.*      (70)    May. 
Tables  of  Evaporation  with,  and  Cost  of,  Oil  as  Fuel.     (64)  May. 
Vertical  Air  Compressors.*     (45)  May. 

Classification  of  Air  Compressors.*     Robert  Peele.     (45)  May. 
Compression  of  Air  and  Volumetric  Efficiency.     E.  A.  Riz.     (45)  May. 
The  High-Speed  Compressor.*     Joseph  D.  (jone.      (45)    May. 
Reheaters  and  Reheating.*      (45)   May. 

Air  Compression  at  Altitude.     Frederick  M.  Hitchcock.     (45)  May. 
Receivers  (for  compressor  plants).*      (45)  May. 
CU>mpound  Air  Compression.*     Frederick  M.  Hitchcock.     (45)   May. 
The  Taylor  Hydraulic  Air  (Compressor.     Wm.  O.  Webber.     (45)  May. 
The  Riche  Gas  Producer.*     A.  Gradenwits.      (64)   May. 
The  Mechanical  Efficiency  of  the  Gas  Engine.     W.  H.  Booth.     (64)  May. 
Cleaning  Boilers.     James  T.  Fennell.     (64)  May. 
Specific  Heat  of  Superheated  Steam.*     R.  C.  H.  Heck.     (64)   May. 
The  Junge  Heat  Engine  System.     H.  Dlederichs.      (64)   May. 
The  Discharae  of  Steam  from  Nozzles.     (64)  May. 
Coal  Gas  and  Its  Rivals  for  Motive  Power.*     Dugald  Clerk,  M.  Inst.  C.  B.     (66) 

May   2. 
Fire-clay  and  Dinas  Material  for  Retort-Settings.     F.  Leisse.     (Abstract  tr.  of 

Paper  read  before  the  Assoc,  of  Gas  Bngrs.  of  the  Rhenish  Provinces  and 

Westphalia.)      (From  the  Journal  fur  0<ubeleuchtung.)      (66)   May  2. 
The  Efficiency  and  Practical  Importance  of  Common  Sources  of  Light.*     W.  Wed- 
ding.     (Abstract  tr.   from  Journal  fur  Oatbeleuchtung.)      (66)    Serial   be- 
ginning. May  2. 
The  Sandycroft  Foundry.*     (12)   Serial  beginning  May  6. 
Boiler  Furnaces  and  the  Effect  of   Oil   on   Their  Ultimate   Strength.*     D.   B. 

Morison.      (Paper    read    before   the    Northeast   Coast    Inst,    of    Bngrs.    and 

Shipbuilders.)      (11)   Serial  beginning  May  5. 
Boiler  Plants  in  Bleaching  and  Dyeing  Mills.     (14)  May  6. 
The  Power  Installation  at  the  Whittall  Mills.*     Howard   S.   Knowlton.      (14) 

Mj^  6. 
The  Working  of  a  Large  Compound  Explosion  Engine  on  Petrol  or  Bensoline 

SpiHt.*     B.  Butler.     (47)   May  6. 
The  Care  and  Management  of  Steam  Boilers.     W.  H.  Fowler,  M.  Inst   C.  B. 

(47)   Serial  beginning  May  6. 
The   Works  of   the   Birdsboro   Steel   Foundry   and   Machine   Company.*      (20) 

May  11. 
Air  Blast  for  the  Foundry  Cupola.     W.  H.  Carrier.      (Paper  read  before  tht 

Buffalo  Foundrymen's  Assoc.)      (20)  May  11 ;   (47)  May  13. 
Indicator  Inertia:  Deductions  from  Engine  Trials.*     (11)  May  12. 
The  Electrically  Driven  Semet-Solvay  Coke  Plant  of  the  Wigan  Coal  and  Iron 

Co.,  Ltd.*      (26)  May  12. 
The  Cargo  Fleet  works.     (12)   Serial  beginning  May  12. 
Ingersoll- Sergeant  Drill  Company's  New  riant.*     (40)  May  12. 
Petrol  Motor  Cars.*     Frank  Little.      (Paper  read  before  the  Northeast  Coast 

Inst,  of  Bngrs.  and  Shipbuilders.)      (47)   Serial  beginning  May  13. 
The  Shadyslde  Coal  Storage  Plant  of  the  New  York  Edison  Co.*     (14)  May  13. 
Phenomena  of   Machine   Operation.     John   Richards.      (Paper   read   Sefore  the 

Tech.  Soc.  of  the  Pacific  Coast.)      (47)  May  18. 

*  Illustrated. 
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Machaaiaa— (CoBtin— d). 

Recent     Gas     and     Oil     Engine     Ddvelopments.       Thomas     Holgate.*        (From 

Technics.)      (19)   May  13. 
Benzol   Enrichment  with  Reference  to  Coke-Oven  Gas.     F.   Schnlewind.      (83) 

Serial  beginning  May  16. 
The  Commercial  value  of  the  Lewis  Thompson  Calorimeter.     J.  S.   S.  Brame. 

(12)   May  19. 
Coal  Dust  Firing  for  Steam  Boilers.*     (12)  May  19. 
The  Curtis  Steam  Turbine.*     (22)  May  19 ;  (26)  May  19. 
1  500-I.-H.-P.  Corliss  Engine  for  the  Transvaal.*      (11)  May  19. 
The  Curtis  Turbo-Generator.*     (73)  May  19. 
A  Salt-Bath  Furnace  for  Steel  Hardening.*      (19)   May  20. 
Tests  of  a  Sirocco  Blower  and  a  Centrifugal  Pump  Driven  by  Steam  Turbines. 

(14)   May  20. 
Recent  Additions  to  the  Worcester  City  Hospital  Plant.  H.  S.  Knowlton.     (14) 

May  20. 
Oil  Burning  in  Steam  Boilers.*     W.  H.  Fowler,  M.  Inst.  C.  B.     (47)  May  20. 
Automatic  Governing  Gear  for  High-Speed  Engines.*      (47)    May  20. 
Two-Stroke  Cycle  Gas  Engine.*     (47)  May  20. 
Notes  on  Painting  of  Gasholders.     Henry  Fowler.     (Paper  read  before  the  Mid* 

land  Awpc.)      (66)  May  23. 
The  Ultimate  Limit  of  Speett«  in  Gas  Engines.     (62)  May  25. 
Motor  Drives  in  the  Plant  of  the  Jbhn  Sunmons  Company.*     (20)  May  25. 
Steam  Boilers  at  the  Li6ge  Exhibition.*      (11)   Serial  beginning  May  26. 
Blectrically-Driven  Roller- Beds  at  the  Phoenix  Steel  Works.      (73)   May  26. 
The  Drop  Valve  and  Its  Gear.     (12)  Serial  beginning  May  26. 
The    Willans-Parsons    Steam   Turbine.*      (22)    May    26;    (26)    May    26;    (73) 

May  26. 
Electric  Motor  Connections  to  Machine  Tools.*     (27)  May  27. 
Purification  of  Gas  Works  Liquors.     (14)  May  27. 

Iron  and  Steel  In  the  Foundry.*     E.  L.  Rhead.     (47)  Serial  beginning  May  27. 
Forms  and  Relative  Advantages  of  Toothed  Gearing.*      (47)  May  27. 
Continuous  Process  for  the  Manufacture  of  Pipes.*      (4/)   May  27. 
New  Methods  at  Stockton-on-Tees  (Corporation  Gas  Works).*     (66)   May  80. 
Compound  Reversing  Engines.     Willlbaid  Trlnks.      (58)   June. 
European  and  American  Steam  Turbines  and  Internal  Combustion  Engines  vs. 

Reciprocating  Steam  Engines.*     Frank  C.   Perkins.      (41)    Serial   beginning 

June. 
English    Electrically   Operated   Lathes   and   Lever    Shearing   Machines.*      (41) 

June. 
The  Power  Plant  of  the  Ingorsoll-Sergeant  Drill  Company's  Works  at  Phillips- 
burg.  N.  J.*      (64)  June. 
Horse- Power  of  Belting.*     N.  A.  Carle.     (64)  June. 
Power  from  Waste  Furnace  Gases.*     (64)  June. 
Setting  Return  Tubular  Boilers.*     Wm.  F.  Sargent.     (64)  June. 
Jacking  up  a  Boiler  and  Stack.     A.  White.     (64)  June. 
Wire  Rope  Transmission.     C.  Boysen.     (64)   June. 
Strength  and  Proportion  of  Shafts.*     Frank  B.  Kleinhans.     (41)  June. 
Modern  Method  of  Molding.*     J.  Raymond.      (41)   June. 
Silica  Coke-Oven  Brick.*      (45)  June. 

The  De  Laval  Steam  Turbine  in- America.*     John  L.  Mohun.     (10)  June. 
Planing  Machine  Drives.*     C.  H.  BenJamin.     (10)  June. 
Roll  Turning.*     W.  S.  Standiford.     (9)   June. 

The  Gas  Engine  for  Marine  Motive  Power.*     Alfred  Gradenwltz.     (9)   June. 
The  BfTects  of  Vacuum  on  Steam-Engine  Economy.*     R.  M.  Neilson.     (9)  June. 
The  Question  of  the  Gas  Turbine.     Sidney  A.  Reeve.     (9)   June. 
Indicator*  Inertia.     G.  S.  Rose  and  G.  Savory.     (62)  Jline  1. 
Removal  of  the  Last  Traces  of  Oil  and  Tar  from  Water  of  Condensation    (In 

gas   manufacture).*      James   S.    Mcllhenny.      (Paper   read    before   the   Ohio 
as  Light  Assoc.)      (24)  May  15;   (83)   June  1. 
Report  of  Committee  on  Fuel  Economies   (of  the  Ohio  Gas  Light  Assoc.)      (24) 

Serial  beginning  May  IS ;    (83)    June  1. 
The  Real  Bfflciency  of  Steam  Boilers.     W.  H.  Booth.     (26)   June  2. 
The  Production  of  Very  Low  Temperatures.     (12)    Serial  beginning  June  2. 
Test  of  a  Compound  Engine."     (12)  June  2. 

Utilisation  of  the  Exhaust  Steam  from  Turbines.*     Franz  Koester.     (27)  June  3. 
Gas  Engines  and  Their  Breakdowns.*      (47)   June  3. 
Producer  Gas  Power  Plants.*     A.  Frederick  Collins.     (19)   June  3. 
Recent  Developments  of  Purifying  Plant:    Some  Further  Notes  on  Jager  Grids.* 

J.    C.    Belton.      (Paper    read    before    the   Manchester    District   Inst,    of   Gas 

Bngrs.)      (24)  June  5 ;   (66)   May  16. 
Pyrometers  and  Carbonization.*     John  Bond.     (Paper  read  before  the  Inst,  of 

Gas  Engrs.)      (66)   June  6. 
The   Report    of    the   Recent    Departmental    Committee    upon    Metropolitan    Gas 

Testing.     Charles  Carpenter.     (Committee  of  the  Inst,  of  Gas  Bngrs.)      (66) 

June  6. 
Long  Distance  TraAfemission  of  Gas.     W.  H.  Hammon.      (Extracts  from  Paper 

read  before  the  Ohio  Gaslight  Assoc.)      (66)  June  6. 

*Illii8trat«d. 
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McGlianlcal-(Cootinncd). 

Two  New  Power  Transmiasion  Deylces.*      (13)  June  8. 

The  Cupola  System  of  the  Michigan  Stove  Company.*     W.  J.  Keep.     (Paper  read 

before  the  Amer.  Foundrymen's  Assoc.)      (20)   June  8. 
Metal  Mixers  for  Pipe  Foundries.     J.  B.  Nau.      (Paper  read  before  the  Amer. 

Foundrymen's  Assoc.)      (20)   June  8;    (24)   June  26;    (22)   June  16. 
Electric  Drire  for  Machine  Tools  with  Methods  of  Variable  Speed  Control.     (62) 

June  8. 
The  Victor  Stoker.*      (15)   June  9. 
Firing  Boilers  by  Waste  Heat  from  Coke  Ovens.     T.  T.  Greener.     (Pa6er  read 

before  the  Inst,  of  Min.  Engrs.)      (57)  June  9:  (16)  June  22;  (47)  June  17. 
An  Electrolytic  Process  of  Piercing  and  Cutting  Plates  of  Metal.*     (19)  June  10. 
Counterweights  for  Large  Engines.     (14)  June  10. 
The  Treatment  of  Boiler  Waters.     (14)  June  10. 
Efficiency  Tests  of  a  400- kw.  Westinghouse  Parsons  Turbo-Oenerator.*      (14) 

June  10;   (IS)  July  29;   (64)  Aug. 
An  Economical  Compound  Mill  Engine.*      (47)   Juno  10. 
The  Ados  CO' Recorder.*      (47)   June  10. 

The  Besemf elder  Process  for  the  Direct  Qasiflcation  of  Coal.     (24)  June  12. 
Cement  Joints  for  Oas  Mains.*     Jacob  D.  von  Maur.      (Paper  read  before  the 

Western  Oas  Assoc.)      (66)    July  18;    (24)    June  12;    (83)   June  16;    (60) 

July. 
Experiments  with  Low-Orade  Mixed  Oases.*     J.  H.  Brown.      (Paper  read  be- 
fore the  Inst,  of  Gas  Engrs.)      (66)  June  13. 
Outside    Producers    for    Retort-Houses.*      Alexander    Wilson,    M.    Inst    C.    B. 

(Paper  read  before  the  Inst,  of  Oas  Ensrs.)      (66)  June  13. 
The  Flow  of  Oas  in  Pipes.      (66)    June  13. 
Melting   Steel   with   Cast   Iron.     R.   P.   Cunningham.      (Paper   read   before  the 

Amer.  Foundrymen's  Assoc.)      (62)  June  16;    (22)   June  16;    (20)    June  8. 
Main   Steam  Pipes.*     W.   H.   Wakeman.      (From   Qraphitc)      (62)    Serial  be- 
ginning June  16. 
The  New  Pawling  and  Harnischfeaer  Plant.*      (20)   June  15. 
Puddled  Iron  versus  Steel.*     F.  N.  Speller.     (20)   June  15. 
Some  Retort  Coke  Melting  Ratios.     C.  M.   Scnwerin.      (Paper  read  before  the 

Amer.  Foundrymen's  Assoc.)      (20)   June  15. 
The  Roe  Mechanical  Puddling  Process.     Joseph  Hartshocne.     (20)   June  16. 
The  Liege  Exhibition  Rolling  Mill  Engine.*      (12)  June  16. 
The  Electric  Driving  of  Rolling  Mills.*     (73)  June  16. 
A  Notable  Engine  Test.     (14)  June  17. 
A  New  System  of  Welding.*     A.  H.  Sexton.     (47)  June  17. 
Pipe  Foundry  Practice.     J.  B.  Nau.      (Paper  read  before  the  Amer.  Foundry- 
men's  Assoc.)      (14)   June  17;  Abstract  (47)   July  16. 
Large  (German  Oas  Engines.*      (20)   Serial  beginning  June  22. 
The  Cleaning  of  Blast  Furnace  Gas.*     Axel  Sahlin.     (62)   Juno  22. 
16  000-Horse-Power  Vertical  Rolling-Mill  Engines.*      (11)  June  23. 
Steam  Jackets  and  Valve  Leakage.     R.  H.  Smith.     (12)  June  23. 
Some  Modem  Oas  Engines.*      (12)   June  23. 
Casehardening.*     David  Flather.     (Paper  read  before  the  Cycle  Engrs.'  Inst.) 

(47)    June  24. 
Steam  Turbines  in  America.     (14)  June  24. 
Test  of  Parker  Water- Tube  Boilers.*      (14)   June  24. 
The  Use  of  Waste  Oases  in  Oas  Engines.     Max  Rotter.      (Abstract  of  Address 

delivered  before  Uie  Steel  Works  Club  of  Joliet,  111.)      (47)  June  24. 
Aluminium  as  a  Pattern  Metal.     H.   U.  Tuttle.      (From  the  Foundry.)      (47) 

June  24. 
The  True  Worth  of  Tar  as  Fuel.*     W.  N.  Best.     (24)  June  26. 
New  (^oal-Testing  Plant  for  the  Birmingham  Corporation.*      (66)   June  27. 
Notes  on  the  Carbonization  of  Coal.     J.  Verdler  and  P.  Teulon.      (Paper  read 

before  the  Soci6t6  Technique  du  Oaz.)      (66)   June  27. 
The   Calorimetry   of   Gas.*     M.   A.   Lecomte.      (Paper   read   before  the   Soci6t6 

Technique  du  Gas.)     (66)   June  27 ;  Abstract  (24)   July  10. 
A  New  Petroleum  Standard  of  Light,  Lecomte  and  Luchaire's  System.     M.  A. 

Lecomte.     (Paper  read  before  the  Soci6t6  Technique  du  Gai.)     (66)  June  27. 
New  Brown  ft  Sharpe  Automatic  Gear  Cutting  Machine.*      (20)   June  29. 
The  Shearing  Strength  of  Rivets.*     B.  S.  Fltzsimmons.      (Keport  read  before 

the  Master  Steam  Boiler  Makers.)      (20)   June  29. 
The  Van  den  Kerchove  Piston- Valve  Engine.*      (11)   June  30. 
750  Horse-Power  Sulzer-Carels  Engine.*     (12)  June  30. 
10-Ton  Electric  Travelling  Jib-Crane.*      (11)  June  30. 
A  New  Form  of  Excavating  Machine.*     D.  A.  Wllley.      (10)    July. 
Flow  of  Air  in  Metal  Pipes.     J.  H.  Kinealy.     (Paper  read  before  the  Amer.  Soc. 

of  Heat  and  Vent.  Engrs.)      (70)  July. 
Progress  in  Valves  for  Air  and  Gas  Compressors.     Leicester  Allen.     (9)  July. 
The  Effects  of  Vacuum  on  Steam-Engine  Economy.*     R.  M.  Neilson.     (9)  July. 
Methods  for  the  Starting  of  the  Oas  Engine.     Rodolphe  Mathot.      (9)   July. 
Cutting  Speeds  for  Shapers  and  Slotting  Machines.*     Frank  B.  KlelnhanSp  Mem. 

A.S,  M.  B.     ((41)   Serial  begriuning  July. 
Commercial  Motor  Vehicles.*     J.  F.  Oalrus.     (10)   Serial  beginning  July. 
Choosing  an  Engine  for  an  Isolated  Plant.     H.  S.  Knowlton.      (10)    July. 

*  Illustrated. 
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Mechanical— (Cootlancdl . 

The.  Trkp  Return  Byitem  at  the  Halted  States  HlllUrr  Acodem;,   Wsat  Point, 

N.  T.'      (64)   July. 
Some   New  Forme  ot  Flnnfed   Pipe  CoanectlonB  tor   Hlgh-PrssEura  guperbWtad 

Steam  and  Hydraulic   Work.     Luther  D.   Loyeliln.      (64)   July. 
The    New    Turbine    Station    ot    the    Kdiaon    Bleclrlc    tllumlnatlDg    Con 

BoBton.'      (64)    July. 
A  Ten -Tbou  Bind  Ho  raa- Power  Steam  Ti 

■  Plaat  ol  the  Atlas  Knitting _.     ,_.. 

!  the  Steam  Conaumptlou  ot  Steam  TurblneE.      (64)    July. 


i  Paper  read 


C  from  Cake  Oyene  lor  Firing  BoUeri  at  the  No.  1 
,  ^.t_  ^.  .     Howard  N.  BaTeuson.      (4a )   July. 

, ._    ._.    _._JB  ot  the  Otlo-Hottman   and  tInlted-Otta 

Syetem.'      Edwin   A.    Uoore.       (Paper   read   before    the    Phil.    Foundrrinen'i 
Aaaoc.)      (48)   July. 
Plow  of  Air  In  Pipes  and  the  TranemlsBlon  ot  Power  by  Compreaaad  Air.      (4A) 

July. 
The  HanutBcCure  ot  Briquettes.*     (IV)   July  1. 
Teats    of    a   Vertical   CroBs- Compound    Boglne   andar   Varylnc   Laadi.*      (14) 

Boiler  BxplDBlona.*      (47)    July  1. 

u  Company.*     (M)  July  4. 


Morehead.       (Paper    read    before    th* 
iterdom.*      R. 


al  for  the  Iniaoe.     (14)  Jalj  8. 
CoDtlnuona  Houldlag  ProcsBa.*      (47)  July  8, 
The   Prereatlon   ot   StopDageB    (ot    (iaa)    la    Berrlcea,    Ueters   and   House   Plpaf 

during  Cold  Weather.      Irrlo  Butterworth.      (Paper  read  before  tbe  Wesurs 

Gae  Assoc.)      (24)   July  10:    (83)    July  IG. 
Calcium    Carbue   and   Acetvlene.     J.   B.   Morehead. 

Western  OaB  Aseoc.)      (i4)   July  10;    (S3)   July  15. 
The   New  Three-and-a-Halt  Ullllon   Cubic  Feet  Qaahal__.    _.  

A.  ran  Sandlck.      (Tr.  from  De  Inaenieur.)      (66)    July  11. 
Oae  Coale  and  tbe  Products  of  Thalr  DletlllaCton.      Salnte-Claire  Derllle.      <Bx- 

trocts  from  I«cture  dellTsred  at  College  of  Mlnea.)      (Sej   July  11. 
Chain   Making  by  Blectrlc  Welding.*      (Z0)    July   IS. 
Coal-Conreylng  Plant  at  the  Metropolitan  Blectrlc  Supply  Co.'i  Works.*      (II) 

Tbe    ifarmonlc    AnalyalB    ot    Valye    Motions.       Sllvanus    P.    Tbompson.       (11) 

Heat   IneuUtlon.*     R.   B.   Hutton   sod  J.   R.   Beard.      (Paper   read  before  tbe 

Faraday  Soc.)      (11)   July  14;    (47)   July  22. 
Modem  Oos  and  Oil   Bnglna  Practice.*      Horace  Allen.      (47)    Serial  beginning 

Melting  Steel  wHh  Iron.  R.  P.  Cunnlnriiain.  (Abstract  of  Paper  read  before 
the  Amer.  PouodrymsD's  Abbdc)      (47)   July  IS. 

Teat  of  a  Steam  Turbine  after  Two  Years"  Service.*     (14)   July  IB, 

The  Asbland  Slog  Cement  Plant,*      (20)   Jul;  20. 

The   Wellmau- Beaver- Morgan    Atr   Compreseor.*       (20)    July    20. 

The  "HoyolB"  Steam-Englne.*      (II)    July  21. 

Method  of  Determining  Moleture  jn  Steam  at  Atmospheric  Pressure.  D.  S, 
JacnbUB.      (47)    July  22. 

Vibratory -Act  Ion  Testing  Mocblne.'      (47)   July  22. 

Lorfl  Blythawood'B  Llauld  Afr  Plant  (or  Bxperlmental  Work  at  Low  Tempera- 
ture!,*     (19)    July  22, 

Some  Phases  of  the  Peed- Water  Heater  Problem,     Walter  B.  Harrington.      (17) 


)eBlgn.      (14)   July  22. 
Practice.     Emesl  Sluti.      (Paper  r 
July  1 


ler.  Soc.  tor  Taatlng  Materials.)  (18)  July 
tlcal  Bnrlcbment  of  Low  Candle  Power  da 
er,     (Paper    read    before    the    Western    Oas 


22:   (40)   J 


^  Combined  Baby  Beaaemer  and  Open  Hearth  Steel  Foundry.* 
dlog.      (From  Paper  In  7erhaniJlunam  del  7.  zur  Beloeriteru 
Jifiiscs.l      (20)   July  27. 
K  Teat  of  a  Small-Slied  Gas  Producer  and  Oas  Engine.      (13)    . 
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Mechanical— (CoBtlnued) . 

The  Use  of  Boiler  Compounds.     William  M.  Booth.     (From  The  Chemioal  Ai- 

ffineer.)      (13)   July  27. 
Torsion    Meter    for   Recording    the    Horse- Power    of    Steam    Turbines.*       (19) 

July    29. 
English  Motor  Omnibuses  for  City  and  (Country  Use.*      (19)    Serial  beginning 

July  29. 
Curing  Concrete  Blocks.     H.  H.  Rice.     (14)   July  29. 
The  Bursting  Strength  of  Boilers.*      (64)   Aug. 
Logarithmic  Scales  for  Plotting  Compression  and  Expansion  Curves.*     B.  Robin- 

Hon.      (64)  Aug. 
Temperatures    In   Air   and   Anmionia    Compressor    Cylinders.      Leicester   Allen. 


(9)  Aug. 
DlrU 


Le  Dlrigeable  Lebaudy.*     H.  Julliot.     (32)   May. 

Sur  une  Nouvelle  Transmission  par  Courroie,  Corde  ou  Cable  et  Contribution  ft 

rittude  du  Mdcanisme  de  Ce  Qenre  de  Transmission.*     C.  Roz6.     (37)  May. 
Machine  Automatique  &  Talller,   sans  Oabarlt,   les   Bngrenages  Coniques.*     B. 

Dubosc.      (37)   May. 
Machine    Soumante    Compound    des   Usines   Acklam,    h   Middlesbrough    (Angle- 

terro).*      (33)   May  6. 
Nouveau  Moteur  &  Explosion  avec  Dispositif  d'Bntrde  d'Alr  dans  le  Oylindre, 

Systdme  G.  Brikson.*     H.  Andr6.      (36)  May  10. 
Les  Omnibus  Automobiles  a  Paris.*     G.  Bspitallier.     (33)  May  20. 
Experiences  sur  le  Rendement  des  Roulements  k  Billes.*      (35)   May  20. 
Fabrique  de  Ciment  de  Pobla-de- Lillet   (Bspagne).*      (33)   May  20. 
Pare  a  Charbon  a  Manutentlon  Rapide.*      (33)  June  10. 
Les  Aciers  a  Outlls  a  Coupe  Rapide.*     J.  Qarnier.     (33)   June  17. 
Machine  &  Bssayer  les  Metaux.*     L.  Delaloe.     (34)  July. 
La  Coupe  Gordon-Bennett  en  1905.*     F.  Drouin.     (33)   July  1. 
Les  Nouveaux  Laboratoires  de  M6canique  de   I'jficole  Technique  Sup6rieure  de 

Dresde.*      (33)    July  1. 
Distribution  a  Tiroir.  variable  au  Rdgulateur,  Srstdme  Merits.*      (33)   July  8. 
Steinkohle,  Naphta  und  Torf  in  Inrem  Wertverh&Itniss  fOr  Dampf-  und  Krafter- 

seugung.*     H.   Mittermayr.      (Paper  read  before  the   St.   Petersburg  Poly- 

technische  Verein.)      (52)   Serial  beginning  Apr.  15. 
Ueber  das  Verh&ltnis  der  Zahnl&nge  zur  Zahndicke  bei  Zahnrftdem.*     Wehage. 

(82)   Apr.  29. 
Der  Heutige  Stand  der  Motorfahrr&der.*     (82)   Serial  beginning  Apr.  29. 
VoUhubyentile  f(ir  Kompressoren.*     Ferd.  Strnad.     (48)  Apr.  29. 
Beitrag  zur   Theorie   der   Dampf maschinendlagramme.*      Viktor   Blaess.      (48) 

Apr.  29. 
Neue  Schlelfmaschine  fflr  Lochborer.     Hermann  Fischer.     (48)   Apr.  29. 
Elnformen   und   Giessen  elnes   Gasmaschlnenzyllnders   und   Behandlung   Dessel- 

ben  nach  dem  Guss.*     C.  Henning.     (50)  May  1. 
Die   Brzeugung   von    GlUhlicht   mit   Fldssigen   BrennstofTen.      (82)    Serial    be- 
ginning May  6. 
Ueber  das  Schmauchen.     Gustav  O.  Schultze.     (80)  Serial  beginning  May  9. 
Die  Aenderung  der   ZUhlgkeit  von  Kesselblechen  mit  Zunahme  der   Festigkeit. 

C.  Bach.      (48)  May  18. 
Die  Giesserei  der  Firma  Gebr.  Scholten  in  Duisburg.*     F.  Wflst.     (50)  May  16. 
Der  Wftrmedurchgangskoefflzient  fflr  Oasmotoren   nach  Diagrammen  von  ProL 

Dr.  Slaby.*     Kurt  Brftuer.     (82)   Serial  beginning  May  20. 
Der  Mechanlsche  Wirkungsgrad  und  die  Indizierte  LeiBtung  der  Gasmaschtne. 

Rudolf  Diesel.      (48)   May  20. 
Versuche  Ober  den  Okonomischen  Einfluss  der  Kompresslon  bei  Dampfmaschinen. 

Herbert  Klemperer.     (Abstract  of  Doctor's  Thesis  presented  at  the  Technisdie 

Hochschule  zu  Dresden.)      (48)  May  20. 
Ueber    Sauggas-    und    Spiritusmotoren.*     Neumann.     (Paper    road    beforo    the 

Deutscher  GIps- Verein.)      (80)   May  28. 
Die  Neubauten  der  Mechanischen  Abteilung  der  KOnlgl.  SAchsischen  Technischen 

Hochschule  zu  Dresden.*      (48)  May  27. 
Die    Binftthrung    der    Dampfmaschlne    in    Deutschland.*      Conrad    Matschoss. 

(48)  Serial  oeglnnlng  June  8. 
Ueber  Neuere  Riemengetriebe.*      Rudolf   Hundhausen.      (82)    Serial   beginning 

June  4. 
Zusammenhang  zwischen  Kohiens&uregehalt  und  Abgangstemperatur  der  Kessel- 

gase.     A.  Dosch.      (82)   Serial  beginning  June  4. 
Ueber  das  Schmauchen.     N.  Peters.     (80)  June  10. 

Drehwerk  zum  Abdrehen  und  Ausschneiden  von  KesselbOden.*     (48)  June  10. 
Die  Weltausstellung  in  St.  Louis,  1904 :  Die  Ausstellung  der  Socl6t6  Anonyme  des 

fitabllssements  Delaunay  Belleville.*     Fr.  Friilich.     (48)   June  10. 
Verdampfungsversuche  an  Rigaschen  Kesselanlagen.     C.  Blacher.     (52)    Serial 

beginning  June  15. 
Ueber  die  Mittel  zur  Brzlelung  Dichter  und  Spannungsfreier  Stahlformgussstllcke. 

L.  Treuheit.      (50)   Serial  beginning  June  15. 
Neuere    Festlgkeits-Probiermaschinen.*      M.    Rudeloff.      (82)    Serial    beginning 

June  17. 
Ueber   Mahlversuche   mit   Kllnkem   aus   dem   Drehrohrofen.     Ferd.    M.    Meyer. 

(80)   June  17. 

*  Illustrated. 


t 


CUBBENT  ENGINEERING  UTERATUBE.  391 

Mechanical— (Continued) . 

Die  GaBmaschine,  Bauart  Meea,  mit  Verelnigter  MiscbungB-   und  FUllungsrege- 

luug.*     Fr.  Freytag.      (48)  June  17. 
Der  Mecbanische  Wlrkungsgrad  und  die  Indisierte  Leistung  der  Gasmaschlne. 

Hugo  Giildner.     (48)  June  24. 
Neuere    Werkzeugmaschinen    mlt    Elektrischem    Antrieb.      Paul    MdUer.       (48) 

June   24. 
Untersucbung  einer  Abaorptlons-K&Itemascblne.     R.  Habermann.     (48)  June  24. 
Ventile.*     Herm.  Rascben.     (48)  June  24. 
Die  Jonescbe  Koblebatterle.*     (82)  June  80. 
Die  Anwendung  des  Oberbitzten  Dampfes  bel  der  Kolbenmascblne.*     Otto  Ber- 

ner.     (48)  Serial  beginning  July  1. 
Der    Binfluss    Selbstt&tiger    und    Gesteuerter    Elnlassventlle    auf    Leistung    und 

Verbraucb  von  Bxplosionsmotoren.*     K.  Febrmann.      (48)    July  1. 
Ueber  Kollergange.*     Amende.      (Paper  read  before  tbe  Deutacber  Verein  fllr 

Ton-,  Zement-  und  Kalkindustrie.)      (80)  July  4. 
Ueber  Scbmaucber.     Cramer.     (Paper  read  before  tbe  Deutscber  Verein  fllr  Ton-, 

Zement-  und  Kalkindustrie.)      (80)   July  4. 
Tbermlscbe  Untersucbung  an  Kompressoren.*     Frits  L.  Rlcbter.      (48)    Serial 

beginning  July  8. 
Die  wabl  der  Exzenter  bel  Doppelscbiebersteuerungen.*     W.  Pickersglll.     (48) 

July  8. 
Ueber   den   W&rmedurcbgang  bel   Kesselbeizfl&cben.      Jens   Rude.      (82)    Serial 

beginning  July  15. 
Untersucbung    einer    Dampfkraftanlage    mit    Zweifacber    Ueberbitzung    durcb 

Abgaae.*     E.  Josse.     (48)   Serial  beginning  July  15. 
Versucne  liber  Lagerreibung  nacb  dem  Verfabren  yon  Dettmar.     H.  Heimann. 

(48)   Serial  beginning  July  15. 
Die  Dampfkessel  und  Kraftmascbinen  auf  der  Nlederscbleslscben  Gewerbe-  und 

Industrie- Ausstellune  GOrlltz  1905.     Fttrster.     (48)  Serial  beginning  July  15. 
Genaue    Konstruktion    der    Scbleberdiagramme.      Alexander    Goldberger.       (82) 

July  22. 

Metallttrsical. 

Steel  Production  in  tbe  United  States.     William  Metcalf,   Past-President,  Am. 

Soc.  C.  E.      (54)   Vol.  54,  Pt.  E. 
Notes  on  tbe  Metallograpby  of  Steel.*     Bradley  Stougbton,  M.  Am.  Inst.  H.  B. 

(54)   Vol.  54,  Pt.  B. 
An  Example  of  tbe  Alteration  of  Flre-Brick  by  Furnace-Gases.     Frank  Firm- 
stone.     (56)  Vol.  34. 
Relative  Elimination  of  Impurities  in  Bessemerlzing  Copper-Matte.*     W.  Ran- 

dolpb  Van  Ucw.     (56)   Vol.  34. 
Hot-Blast  Smelting  for  tbe  Elimination  of  Arsenic.  Antimony.  Lead  and  Zinc 

from   Copper-Mattes,   and   for   tbe   Production   of  Lead.      S.   B.   Bretberton. 

(56)  34. 
Tbe  Reduction  of  Lead  from  Litbarge  in  Preliminary  Assays,  and  tbe  Advan- 
tages of  an  Oxide  Slag.     E.  H.  Miller,  B.  J.  Hall  and  M.   J.  Falk.      (56) 

Vol.  34. 
Notes  on  the  Metallurgy  of  Copper  of  Montana.*     H.  O.  Hofman.     (56)  Vol.  84. 
Note  on  tbe  Influence  of  tbe  Rate  of  Cooling  on  tbe  Structure  of  Steel.*     Albert 

Sauveur  and  H.  C.  Boynton.      (56)  Vol.  34. 
Electrolytic  Lead-Refining.*     Anson  G.  Betts.     (56)  Vol.  34. 
A  Test  for  Precious  Metals  in  Cyanide  Solutions.     Albert  Arents.     (56)  Vol.  84. 
Flue-Dirt  and  Top-Pressure  in  Iron  Blast-Fumaces :    A  Study  of  tbe  Influences 

Controlling  Tbem.     F.  Louis  Grammer.      (56)   Vol.  34. 
Tbe  Assay  of  Zinc-Box  Residues  from  tbe  Cyanide  Process.     Rlcbard  W.  Lodge. 

(56)    Vol.   34. 
Scbool  Laboratory-Work :  A  Free-Milling  Gold-Run.     Robert  H.  Rlcbards  and 

E.  E.  Bugbee.      (56)    Vol.  34. 
Tbe  Refining  of  tbe   Precipitates  Obtained   by   Means  of  Zinc  In  tbe  Cyanide 

Process  of  Gold  and  Silver  Extraction.*     G.  Howell  CleveuKer.     (56)  Vol.  84. 
A  Pronosed  Filter- Press  Slimes  Plant.     Francis  L.  Bosqui.     (56)  Vol.  34. 
Tbe  Ellectric  Steel-Furnace  at  Gyslnge,  Sweden.*     F.  A.  KJellln.     (56)  Vol.  34. 
Tbe  Sperry  Vanning-Buddle.*     Edwin  A.  Sperry.      (56)   Vol.  34. 
Tbe  Metallurgy  of  tbe  Homestake  Ore.*     C.  W.  Merrill.     (56)   Vol.  84. 
Tbe   Cyanide-Plant   and   Practice    at   tbe    Ymir   Mine,    West   Kootenay,    Britisb 

0>lumbia.     Edwin  C.  Holden.     (56)  Vol.  34. 
Heartb-Area  and  the  Number  of  Tuyeres  in  Iron  Blast-Fumace  Practice.    F.  L. 

Grammer.      (56)   Vol.   34. 
A  Laboratory  Study  of  tbe  Stages  in  tbe  Refining  of  Copper.*     H.  O.  Hofman, 

C.  P.  Green  and  R.  B.  Yerxa.      (56)   Vol.  34. 
Plant  for  tbe  Handling  and  Treatment  of  Ores  at  tbe  Silver  Cup  and  Nettle  L. 

Mines,    Britisb   Columbia.*      George  Attwood.   Assoc.    M.   Inst.   C.   B.      (63) 

Vol.  159. 
Fine  Grinding  and  "Slimes."     A.  W.  Warwick.      (Abstract  of  Paper  read  be- 
fore  tbe    West.    Assoc,    of    Tech.    Chemists   &   Metallurgists.)       (68)    Serial 

beginning  Apr.  29. 

*  Illustrated. 
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Mctall  urglcal— (Contin  uMl) . 

Gas  Blowing  Engines.*     Tom  Westgarth.      (Abstract  of  Paper  read  before  the 

West  of  Scotland  Iron  and  Steel  Inst.)      (12)  May  5. 
Machinery  for  Dry  Air  Blast.*      (22)   Miur  12. 
Electric  Smelting  of  Iron  and  Steel.     F.  w.  Harbord.     (Abstract  of  Paper  read 

before  the  Faraday  Soc.  of  London,  Eng.)      (16)   May  18. 
Manganese  Bronze.     Percy  Longmuir.      (From  The  Foundry,)      (47)   May  20. 
Filter  Pressing  of  Slime.     H.  R.  Edmands.     (Abstract  from  Proceedinga  of  tbe 

Australian  Inst  of  Mln.  Engrs.)      (16)  May  26. 
Platinum   and   Palladium   In   Certain    Copper   Ores.*      Thomas   T.   Read.      (16) 

May   25. 
The  Determination  of  Sulphur  in  Iron  Ores.     J.  Howard  Qraham.     (3)   June; 

(62)  July  27. 
The  Detroit  Iron  and  Steel  Company's  Blast  Furnace  Plant.*     (20)  June  1. 
Dry  Air  Blast  and  Turbine  Blowing  Engines:  A   New  Method  of  Drying  the 

Blast.*      (20)    June  1. 
Electrostatic    Concentration.*      Lucien    I.    Blake.       (From    Transactiom   of   the 

Amer.  Electro-Chemical  Assoc.)      (16)    Serial  beginning  June  1. 
A  New  Pyrite  Smelter.*     Herbert  Haas.     (16)  June  8. 
Spltzlutten.*     H.   Leupold.      (Abstract  from  Journal  of  the  Chem.,   Metal,  and 

Min.  Soc.  of  S.  Africa.)      (16)  June  8. 
The  lodlmetric  Determination  of  Copper.     T.  Brown.  Jr.      (16)   June  8. 
A  Slag  Calculation.     Charles  S.  Palmer.      (16)   June  29. 
Estimation  of  the  Chief  Constituents  in  Cyanide  Solution.     J.  B.  Clennell.     (16) 

.fune  29. 
Casehardenlng.*     David  Flather.      (Abstract  from  Paper  read  before  the  Clyde 

Engineers'   Inst.)      (22)    June  30. 
Special   Steels.*     L.   Quillet.      (Paper  read  before  the  Mln.   and  Metal.   Cong.) 

(22)   June  30. 
Iron  Ore  Briquettes  for  the  Blast  Furnace.*     Henry  Louis.     (10)  July. 
Experiments  on  the  Fusibility  of  Blast  Furnace   Slags.     O.   Boudguard.      (62) 

Serial  beginning  July  6. 
The   Influence  of  Titanium   on   Pig- Iron   and   Steel.     Pierre   Delyille.      (Paper 

read  before  the  Mln.  and  MetaL  CongJ      (22)  July  7. 
The  Purification  of  Blast  Furnace  Gas.     Emlle  Bian.     (Abstract  of  Paper  read 

before  the  Mln.  and  Metal.  Cong.)      (22)  July  7 ;   (47)  July  16. 
New  Open-Hearth  Steel  Processes.     P.  Ackers.     (Paper  read  before  the  Mln.  and 

Metal.  Cong.)      (22)   July  14. 
Bag- Houses  for  Saving  Fume.*      (16)  July  16. 
The  Action  of  Gases  upon  Flre-Brlcks.     "Thomas  Holgate,  M.  Inst.  C.  B.      (66) 

Serial  beginning  July  18. 
Materials  Used  in  Furnace  Construction.     R.  S.  Hutton  and  J.  R.  Beard.     (Ab- 
stract of  Paper  read  before  the  Faraday  Soc.)      (22)   July  21. 
Ore    Dressing   at    Broken    Hill.      V.   F.    Stanley    Low.      (Abstract   from    Tran$. 

Austral.  Inst.  Mln.  Eng.)      (16)    July  22. 
The  Manufacture  and  Characteristics  of  Wrought  Iron.*     James  P.  Roe.      (62) 

July  27. 
Temperature  in  Roasting  Gold  Ore.     William  E.  Greenawalt.     (16)   July  29. 
Standard  Screens  for  Screen  Analysis.*     Courtenay  de  Kalb.     (16)  July  29. 
A    Portable    Assay    Furnace.*      J.    J.    Gilllo.      (Abstract    of    Paper    in    Trans. 

Austral.  Inst.  Min.  Eng.)      (16)   July  29. 
Note  sur  I'Emplol  de  I'Alr  Sec  dans  les  Hants  Fourneaux  d'Aprte  les  Bssaia  de 

M.  J.  Gay  ley,  &  Pittsburg.*     A.  (3ouvy.     (32)  Mar. 
Traitement  des  Minerals  Sulfur6s  Mlxtes  de  Plomb  et  de  Zinc*     B.  Lemalre. 

(33)   Apr.  29. 
Les  Alllages  de  Culvre.*     Leon  Guillet.     (33)   Serial  beginning  June  24. 
Elektromagnetlsche   Aufbereitungen   nach   dem   Verfahren   von   Wetherlll.     Fr. 

Bsser.     (48)  Apr.  29. 
Die  Elektrlsche  KraftObertragung  auf  Httttenwerken.     F.  Janssen.     (50)   Serial 

beginning  May  1. 
Die  Vorw&rmzone  des  Hochofens.*     Fr.  Schraml.     (50)  May  15. 
Amerikanische    Ofenkonstruktionen    unter    Besonderer    Berilcksichtigung    Ihres 
Mauerwerks.*     Bernhard   Osann.      (Paper  read  before  the  Vereln  deutscher 
Fabrlken  feuerfester  Produkte.)      (80)   May  18;    (50)   May  1. 
Ueber  den  Gegenw&rtigea  Stand  der  Elektrlschen  Eisen-  und  Stahlerseugung  * 

^Vvs®^'*^^®^**      (Paper  read  before  the  Vereln  Deutscher  Eisenhfittenleute.) 
(50)  June  1. 

Das  WfrtschaftUche  Verh&ltnls  Zwlschen  Glchtgasmotoren  und  Dampfmaschlnen 

im  VerhOttungsgebiet  der  Minette.     L.  Ehrhardt.     (48)  June  3 ;  (50)  June  1. 
Die  Herdofenstahlerzeugung  aus  Fiasslgem  Rohelsen.  Oskar  Simmersbach.      (50) 

Serial  beginning  June  15. 
Blektrisch  Betriebener  Gichtaufsug.*      (F.  Collischonn.      (50)  June  15. 
Fortschrltte  Im  Bau  von  Gasdfen  ftlr  EisenhQttenwerke.     A.  Desgras.      (Paper 

read  before  the  "Elsenhlltte"  Dttsseldorf.")      (50)  Serial  beginning  July  1. 
grperlmentelle  Studlen  fiber  die  Vorgange  Im  Hochofen.*      (SO)   July  16. 
Mechanlsche  HochofenbeKichtung.*      (50)  July  15. 
Untersttchung  fiber  den  Ursprung  elnes  Blasenraimies  In  einem  Flusselsenblooke.* 

H.  Wedding.      (50)   July  15. 

•lilustrated] 
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Metallurgical— (Contlaued) . 

Weltere    Beitr&ge    zur    Technik    der    Blectrometallurgle    des    EisenB.      Albort 
Neuburger.      (82)   Serial  beginning  July  22. 

Milttary. 

New  Method  of  Moulding  and  Pressing  Gun  Cotton.*     (22)    June  2. 

The  Grubb  Gun-Sight.      (46)   June  8. 

Stowmarket  Explosives'  Factories.*      (12)   June  9. 

Transports  Automobiles  Militaires :  Batterie  Automobile  de  I'Armde  Portuguaise.* 

G.  EspiUlller.     (33)   June  10. 
Brinells  untersuchungen  mit  Seiner  Kugelprobe.*     (82)  Serial  beginning  May  6. 
Automatisch  Arbeitendes  Geschiltz.*     Gustay  Schatzl  von  MUhlfort.     (82)  May  6. 

Mining. 

The  Treadwell  Group  of  Mines,   Douglas   Island,  Alaska.*     Robert  A.   Kinzie. 

(56)   Vol.  34. 
The  Box  Electric  Rock-Drill.*     Frank  B.  Shepard.      (56)   Vol.  34. 
The    Power    Plant    of   the    Moctezuma   Copper    Company    at    Nacozari,    Sonora. 

Mexico.*     John  Langton.     (56)  Vol.  34. 
Notes  on  the  Coal-  and  Iion-Fields  of  Southeastern  Shansi,  China.*    William  H. 

Shockley.     (56)  Vol.  34. 
Electrical     Power-Transmission    for    Mines.*       Francis     O.     Blackwell.       (56) 

Vol.  34. 
Application  of  Electricity  in  the  Anthracite  Coal-Field  of  Pennsylvania,   with 

Special  Reference  to  the  Wyoming  Field.*     U.  U.  Stoek  and  (i.  W.  Harris. 

(56)   Vol.  84. 
Water-Hoisting  in  the  Pennsylvania  Anthracite  Region.*     R.  V.  Norris.      (56) 

Vol.  84. 
The  Cost  of  Pumping  at  the  Short  Mountain  Colliery  of  the  Lykens  Valley  Coal 

Company.*     R.  v.  Norris.     (56)   Vol.  34. 
Electrical  Apparatus  for  Coal-Mining.*     W.  B.  Clarke.     (56)  Vol.  34. 
Compressed -Air    Motors    for    Gathering    Cars    In    Coal-Mines.*      Beverley    8. 

Randolph.     (56)  Vol.  84. 
The  Alquife  Iron-Ore  Mines,   in  the  South  of  Spain.     George  Harley  Bulmer, 

Assoc.  M.  Inst.  C.  E.      (o3)   Vol.  159. 
The  Recovery  of  a  Diamond-Crown   from  a  Deep  Borehole.     Cuthbert  Baring 

Horwood,  Assoc.  M.  Inst.  C.  B.      (63)   Vol.  169. 
Mines  and  Mining  in  the  Argentine  Kepublic.     James  McKean  Rowbotham,  M. 

Inst.  C.  E.     (63)  Vol.  159. 
The  Compression  of  Stope  Fillings.     Jacob  Oberhausen.     (6)  Apr. 
The  Submerged  Jet  Dredge.*     H.  L.  Lewis.      (68)   Apr.  29. 
(Compressed  Air  on  the  Pacific  Coast.*     Edward  A.  Rix,  M.  Am.  Soc.  C.  B.,  M. 

Am.  Soc  M.  B.     (45)   May. 
Efficiency  Test  of  a  Nordberg  Air  Compressor  at  the  Burra  Burra  Mine  of  the 

Tennessee  Copper  Company.     J.  Parke  Channing.      (45)   May. 
Bconomy  in  Operation  of  Coal  Mine  Power  Plants.     F.  C.  Weber.     (45)  May. 
Compressed  Air  Coal  Cutters.*     L.  T.  Wightman.      (45)    May. 
Electrical    Compression   of   Air   for    Mining   Purposes.*      Lucius    I.    Wightman. 

(45)  May. 
Caps  or  Attachments  for  Winding  Ropes.*     W.  H.  Becker.     (Paper  read  before 

the  South  Wales  Inst,  of  Bngrs.)      (57)  May  6. 
Separation  of  Dust  from  Coal.     (22)  May  5. 
Safety  Lamps  for  Coal  Mines.*     (62)   Serial  beginning  May  11. 
Influence  of  the  Roof  in  Longwall  Working.*     J.  T.  Beard.     (Abstract  of  Paper 

read  before  the  North  of  England  Inst,  of  Min.  and  Mech.  Bngrs.)      (I6i 

May  11. 
Shaft  Sinking  by  the  Jettins;  Process.*     George  C.  McFarlane.     (16)  May  11. 
The  Prevention  of  Gob  Fires  in  Coal  Mines.     George  Farmer.     (16)  May  11. 
Lambton  Collieries  Power  Distribution  Scheme.     (26)   Serial  beginning  May  12. 
Methods  of  Boring  and  Sinking.*     (22)  May  12. 
Air  Consumption  of  Drills.     R.  R.  Seeber.     (16)   May  18. 
Mine  Car  Running  Gear.*     R.  V.  Norris.     (16)   May  18. 

The  Grangesberg  Iron  Mines  in  Sweden.*     J.  W.  H.-Hamilton.     (16)  May  18. 
Some  Pumping  Data.     R.  Oilman  Brown.     (16)   May  18. 
A  Complete  Electrical  Installation  Und^rgrouna.*     (57)  May  26. 
Wire  Ropes  Used  for  Winding.    J.  A.  Vaughan  and  W.  Martin  Epton.     (Abstract 

of  Paper   read   before   the  Transvaal    Inst,   of  Mech.   Bngrs.)       (47)    Serial 

beginning  May  27. 
Power   for   Coal    Mining  Machinery ;    Compressed   Air   va.   Electricity.*      G.    B. 

Lynch.      (45)    June. 
Mine  Explosions.     J.  T.  Beard.     (45)   Serial  beeinning  June. 
Air  Ck>mpression  in  Great  Britain,  at  Mines.*     James  Tonge.     (45)   June. 
Central  Power  Stations  for  Mines.     (12)  June  2. 

The  Conveyor-System  for  Filling  at  the  Coal-Face,  as  Practised  in  Great  Brit- 
ain and  America.     W.  C.  Blackett  and  R.  G«  Ware.     (Paper  read  before  the 

Inst,  of  Min.  Bngrs.)      (22)   June  9. 
1  500-Hor8e-Power  Winding- Engine  at  the  Ll^ge  Exhibition.*     (11)  June  16. 
Results  of  an  Investigation  on  Winding  Ropes  in  France.     (57)  June  23. 

•  Ulustrated. 
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Mining— (Cootinued) . 

The    Mickley    Ingwall    Coal    Conveyor    for   Use   In   Thin    Seams.*      M.    Palmer. 

(Paper  read  before  the  British  Soc.  of  Min.  Students.)      (22)  June  80. 
Colliery  and  Mining  Switch  Gear  for  High-  and  Low-Tension  Alternating  Current 

Service.*     A.  M.  Randolph.     (22)  Serial  beginning  June  sa 
Outlines  of  Mine  Ventilation.*     William  Clifford.     (58)  July. 
Tests  with  Haulage   System  to   Economize  Air:    Practical   Results  from  Trial 

Tests  with  an  Bndless-Rope  Haulage  Driven  by  Duplex  Air  Cylinders.*     Fr. 

Hempel.     (Tr.  from  GlUckauf.)      (45)   July. 
Concrete  Lining  for  Mine  Shafts.*     F.  R,  Dravo.     (58)   July. 
The    Price- Pancoast    Colliery.*      George    W.    Harris.       (16)    Serial    beginning 

July  15. 
Notes   on   Hydraulic   Mining   Practice.*      Richard   L.   Grider.      (Abstract  from 

the  Colo.  School  of  Mines  Bulletin.)      (13)   July  20. 
Electrically- Driven  Secondary  Haulage.*     R.  S.  Swallow.      (Paper  read  before 

the  National  Assoc,  of  Colliery  Mgrs.)      (22)   July  21. 
Timbering  and   Arching    in   Mines.*      Idris   Thomas.      (Paper   read   before   the 

South  Wales   Inst,  of  Bngrs.)      (22)    July  21. 
Safety  Catches  for  Mine  Cages.*     E.  Mackay  Heriot.     (16)   July  22. 
A  Large  Pumping  Plant  in  Tasmania.*      (16)   July  29. 
Prospecting  with  Churn  Drills.*     (16)  July  Z9. 
Les  Machines  d'Eztraction  Electriques.*     H.  Schmerber.     (33)  Serial  beginning 

May  27. 

Mlacellaaeous. 

The  Metric  Fallacy.  Frederick  A.  Halsey.  (Lecture  delivered  at  Cornell  Unly.) 
(12)   Serial  beginning  May  26. 

Graphical  Mathematics.*     A.  O.  Holman.      (72)   June. 

The  Engineer's  Fault:  A  Discussion  of  Specifications,  Contracts  and  Law  Suits. 
John  Cassan  Wait.  M.  Am.  Soc.  C.  E.  (Abstract  of  Paper  presented  before 
the  Soc.  of  Mun.  Bngrs.  of  N.  Y.  City.)      (13)  June  8. 

A  Device  for  Averaging  Certain  Kinds  of  Continuous  Records  by  the  Plani- 
meter.*     W.  L.  Butcher,  Assoc.  M.  Am.  Soc.  C.  B.     (13)  June  29. 

The  Organization  and  Administration  of  National  Engineering  Societies.  John 
W.  Lieb,  Jr.      (42)   JuIt. 

The  Academic  Side  of  Technical  Training.  Alexander  B.  W.  Kennedy.  (Ad- 
dress delivered  at  University  College.)      (11)  July  7. 

Opportunities  for  Engineerlzig  Graduates  in  the  Government  Service.  John  F. 
Hayford,  Assoc.  M.  Am.  Soc.  C.  B.  (Paper  read  before  the  Soc  for  Promo- 
tion of  Bug.  Education  J      (13)   July  13. 

The  Testing  Engineer.  Charles  B.  Dudley.  (Extracts  from  Address  before 
Amer.  Soc.  for  Testing  Materials.)  (18)  July  16;  (13)  July  20;  (15) 
July  14;   (40)  July  21;   (14)  July  8. 

A  Problem  in  the  Storage  of  Granular  and  Lump  Material.*  W.  B.  Hunter  and 
J.  S.  Myers.     (13)  July  27. 

Table  des  Kacines  Cubiques.     G.  Balsen.     (36)  Apr.  25. 

Spannungen  in  Prlsmatischen  Rohren  und  Gefassen  mit  Vlerseltigem  Quer- 
schnitt.*     (82)  Serial  beginning  July  22. 

MoBicliwI. 

Highway  Construction  in  the  United  States.  James  Owen,  M.  Am.  Soc.  C.  E. 
(54)   Vol.  54,  Pt.  F. 

Highway  Construction  in  France.  G.  Forestier.  (Tr.  from  the  French  by  Paul 
A.  Seurot,  M.  Am.  Soc.  C.  B.)     (54)  Vol.  54,  Pt.  F. 

Methods  and  General  Description  of  Massachusetts  (Highway)  Work.*  Will- 
iam B.  McCllntock,  M.  Am.  Soc.  C.  E.  (54)  Vol.  54.  Pt.  F. 

Concrete  Roadways  at  Richmond,  Indiana.      (67)   Apr. 

Street  Lighting  by  Electric  Arc  Lamps.*     H.  B.  Maxwell.     (77)  May. 

The  Electric  Lighting  Situation  in  Paris.     (27)   Serial  beginning  May  18. 

Glass  Paving  Bricks.     A.  M.  Thackara.      (14)  May  20. 

Brick  Pavement  Specifications.      (60)   June. 

Concrete  Street  Pavements  at  Richmond.  Ind.     (13)   June  8. 

Glass  Paving  and  Building  Bricks.      (19)    Serial  beginning  June  24. 

Street  Lighting.     E.  B.  Hoadley.     (Paper  read  before  the  Inc.  Mun.  Blec.  Assoc.) 


(73)   June  30. 
ck  Pi 


Brick  Pavements  for  Small  Cities.      (60)    July. 

Brick  Paving  in  Cohoes,  N.  Y.*      (76)  July. 

Impact  Tests  of  Asphalt  Paving  Mixtures.  Clifford  Richardson  and  C.  N.  For- 
rest. (Paper  read  before  the  Amer.  Soc.  for  Testing  Materials.)  (14) 
July  8. 

A  High-Speed  Electrically-Driven  Compressor  for  Colliery  Work.*  W.  Reavell. 
(Paper  read  before  the  South  Wales  Inst,  of  Bngrs.)      (22)  July  14. 

How  to  Lay  Granitoid  Curb  and  Gutter.*     J.  C.   Herring.      (60)    Aug. 

Experiences  Bntreprises  pour  Combattre  la  Poussldre  sur  la  Route  Nationale 
No.  21  de  Paris  ft  Barege.     M.  Soubzmalgne.      (43)  ler  Trimestre. 

La  Construction  et  I'Bntretien  des  ChaussSes  en  Bmplerrement.*  Cyrille 
Jansens.      (30)  Apr. 


*  Illustrated. 
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Mnnldpal— (CoBtinucd) . 

Lea  Transformations  de  Laeken.*     P.  Olllet.     (30)  June. 

Moyens  de   Combattre   la  Poussl^re   sur   lea   Routes.*      Docteur   Ouslielminetti. 
(33)    June   24. 

Ratlroad. 

American  Locomotives.*     WilllaiA  Forssrth,  M.  Am.  Soc.  M.  B.      (54)   Vol.  54, 

Ft.   D. 
Rolling  Stock  in  France.     Edouard  Sauvage.     (54)  Vol.  64,  Ft.  D. 
The    Balanced   Compound   Locomotive.*      S.    M.   Vauclain,    M.   Am.    Soc.   M.   B. 

(54)    Vol.   54.   Ft.   D. 
The  Substitution  of  Electricity  for  Steam  as  a  Motive  Power.     J.  O.  White,  M. 

Am.  Soc.  C.  E.     (54)   Vol.  54,  Pt.  B. 
The    Substitution    of    Blectricity    for    Steam    as    a    Motive    Power.      Alexander 

Siemens,  M.  Inst.  C.  B.      (54)  Vol.  64,  Pt.  B. 
British  Railroad  Terminals.*     William  Theodore  Foxlee,  M.  Inst.  C.  B.      (54) 

Vol.  54,  Pt.  F. 
French  Railroad   Terminals.      Ernest   Pontzen,   Cor.   M.   Am.   Soc   C.    B.      (Tr. 
from  the  French  by  Paul  A.  Seurot,  M.  Am.  Soc.  C.  BJ      (54)  Vol.  54,  Pt.  F. 
Railroad    Terminals:    Review    of    General    Practice.*      Elmer   L.    Corthell,    M. 

Am.  Soc.  C.  B.     (54)  Vol.  54,  Pt.  F. 
Early  Railway  Construction  in  New  South  Wales.     Joseph  Brady,  M.  Inst.  C. 

B.      (63)    Vol.   159. 
A    Graphical    Method    of    Determining    the   Relative    Positions    of    Points    and 

Crossings.*     Charles  John  Albrecht,  M.  Inst.  C.  E.      (63)   Vol.  159. 
A  Modem  Grain  Elevator.     I.  B.  Blumgardt.     (8)  Apr. 
Tank  Locomotives.     B.  E.  R.  Tratman.      (61)   Apr.  16. 
A  New  Type   of  Powerful   Goods  Locomotive   for  the   Great   Western  Railway 

Company.*      (22)    Apr.  28. 
Common  Standard  Locomotives:  Harriman  Lines.*     (25)  Serial  beginning  May. 
Recent  Terminal  Improvements  in  St.  Louis.     Daniel  Breck.*     (Paper  read  be- 
fore the  Engineers'  Club  of  St.  Louis.)      (1)   May. 
Some  Details  of  Reconstruction  Work,  St.  Louis  Union  Station.*     A.  P.  Greens- 

f elder.     (Paper  read  before  the  Engineers'  Club  of  St.  Louis.)      (1)  May. 
Rolled  Steel  Wheels.*      (21)    May. 

Atlantic  or  4-4-2  Class  Engines;  Great  Western  Railway.*      (21)   May. 
Reinforced  Concrete  in  Railway  Construction.*      (21)  May. 
The  High-Speed  Vacuum  Automatic  Brake.*      (21)    May. 

The  Leitner-Lucas  System  of  Electric  Train -Lighting.*      (21)  May;  (73)  July  7. 
Tank  Locomotive    (8- ft.  Gauge)    for  the  Cavan   and  Leitrim  Railway.*      (11) 
May  5. 
.  Heating  System  of  the  Canadian  Pacific  Ry.  Shops  at  Montreal.     (14)  May  6. 
The  Brilliant  Cut-oft  of  the  Pennsylvania  R.  R.*      (14)   May  6. 
The  La  Junta  Shops,  A.,  T.  ft  S.  F.  Ry.*     (18)  May  6. 
Locomotives  of  Great   Power.     J.   E.   Muhlfeld.      (Abstract  of  Report,   No.   2, 

presented  at  the  Int.  Ry.  Conx.)      (18)  May  6. 
Blectricity  vs.  Steam  for  Heavy  Haulage.    A.  H.  Armstrong.     (17)  Mar  6. 
Ehchtblts  at  the  American  Railway  Appliance  Exhibition.     (18)  Serial  beginning 

May   6. 
Tie  Preservation.   J.   W.   Kendrick.      (Abstract  of  paper  read   before   Int.   Ry. 

Cong.)     (18)  May  6. 
Great   western    Locomotives   and   Their   Recent   Work.      Charles   Rons-Marten. 

(12)  Serial  beginning  May  12. 
Railway  Signalling  in  America.     (12)   Serial  beginning  May  12. 
Automatic  Car  Couplers.     George  Groobey.      (15)    May  12. 
Coaling  Locomotives.     Charles  H.  Fry.     (15)  May  12. 
Electric  Drive  in  Railroad  Shops.     C.  A.  Seley.     (15)  May  12. 
Progress  in  Yard  Design.*     W.  C.  Gushing.     (15)  May  12. 
Safe  Limits  of  Working  Load  for  Wheel  Pressures.      (47)   May  18. 
Comparative  Testa  of  Steam  and  Electric  Locomotives.*      (17)    May  18;    (46) 

May  20 ;  (73)  June  14. 
The  (Compounding  of  Locomotives.     A.  T.  J.  Kersey.    (Abstract  of  Paper  read 

before  the  Swindon  Eng.  Soc.)      (47)   Serial  beginning  May  18. 
The  Plant  of  the  New  Blectric  Railroad  up  Mount  Vesuvius.*      (19)  May  18. 
Electric  Traction  in  the  United  States,  Great  Britain,  Belgium  and  Italy.     Victor 
Tremontani  and  others.      (Abstracts  of  papers  read  before  the  Int.  Ry.  Cong.) 
(17)   May  18. 
Maine  Central  Ten-Wheel  Locomotive.*    (18)   May  13. 
Rails    for    Lines    with    Fast   Trains.      (Extracts    from    papers    read    before   the 

Int.  Ry.  Cong.)      (18)  May  13. 
Some  Operative  Features  of  the  Aurora,  Elgin  &  Chicago  Railway  Co.*      (72) 

May  15. 
Car   Shop   Methods.*      John   D.   Fish.      (Paper   read   before   the   Iowa   St.    and 

Interurban  Rv.  Assoc.)      (72)   May  16. 
The  Hicks  Gasoline  Blectric  Motor  Car.*      (20)   May  18. 
The  Hastings  Tunnelling  Shield  System.*      (20)  May  18. 
Four  Cylinder  Compound  Locomotive,  G.  N.  R.      (12)   May  19. 
Switching.     F.  A.  Healy.      (40)    May  19. 

*  Illustrated. 
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Rack  and  Adhesion  Locomotives  for  Central  Soutb  Africa.*     (40)  May  19. 
The  Evolution  of  the  Telegraph  in  Railroad  Work.*     Charles  B.  Yetman.     (65) 

May  19. 
American  Roundhouses  and  Their  Operation.    W.  B.  Dunham.     (15)  May  19*. 
Four-Cylinder  Compound  Locomotives  in  America.*     F.  J.  Cole.     (15)  May  19. 
The  Electrlflcation  of  Trunk  Lines.*     L.  R.  Pomeroy.     (15)  May  19. 
The  Progress  of  American  Railroads  in  the  Last  Quarter  Century.*     S.  Whinery. 

M.  Am.  Soc.  C.  E.     (15)  May  19. 
Oil  Fuel  for  Locomotives.*     Howard  Stillman.*     M.  Am.  Soc.  M.  B.     (15)  May 

19. 
Heating,  Lighting  and  Ventilation  of  Cars.     George  I.  Fowler.     (15)  May  19. 
High  (Tapacity  Cars.     Rodney  Hltt.     (15)  May  19. 
Electric  Traction  in  France.     F.  Paul-Duhois.     (Abstract  of  Paper  read  before 

the  Int.  Ry.  Cong.)      (17)   May  20. 
The  Berlin  Zossen  Tests  and  Their  Results.      (17)  May  20;  June  8. 
Storage  Batteries  for  Track  Circuit.     C.  C.  Anthony.      (Paper  read  before  the 

Ry.  Signal  Assoc.)      (18)  May  20;   (15)  May  26. 
New   Electric    Locomotives   on    Italian   Railways.*      Frank    C.    Perkins.      (18) 

May  20. 
Concrete  Foundations  of  the  New  Passenger  Station,  Washington,  D.  C*     Day 

Allen  Willey.      (46)  May  20. 
The  First  Street  Tunnel,  Washington.*      (14)   Serial  beginning  May  20. 
Ore  Handling  Plant  at  Conneaut,  Ohio.*      (20)   May  25. 
Steel  Rails  for  Fast  Lines.      (20)   May  25. 

The  Northern  Spanish  Railway.*     L.  (;ubllIo,  Assoc.  Inst.  C.  E.     (40)  May  26. 
Electric  Traction  on  Railways.      (11)   May  26. 
Express  Locomotive  for  the  Cambrian  Railways.*     (11)  May  26. 
fihiglish  Gasolene  Locomotives.*      (15)  May  2o. 

New  Types  of  Valves  and  Valve  Gears  for  Locomotives.*     (47)  May  27. 
Electrical  Equipment  of  a  Railway  Shop.*     (27)  May  27. 
Heavy  Traction  Problems  In  Electrical  Engineering.     Carl  L.  de  Muralt.      (42) 

June. 
Choice  of  Motors  in  Steam  and  Electric  Practice.     William  McClellan.      (42) 

June. 
New  Combination  Car  for  Ft.  Wayne  A  Wabash  Valley.*     (72)   June. 
Indianapolis  Express  Terminal.*     (72)  June. 
Balancing  Balanced  Compound  Locomotives.*      (25)   June. 
Private  Owners'  20-Ton  Tank  Wagons.*      (21)   June. 
The  Campbell  Relnforced-Concrete  Sleeper,  Elgin,  Joliet  and  Eastern  Railway.* 

(21)  June. 
New  York  Central  Simple  Consolidation  Engine.*      (39)    June. 
Dynamometer  Car:  New  York  Central  Lines.*      (25)  June. 
South  Louisville  Shops :  Louisville  &  Nashville  Railroad.*     (25)  June. 
40-Ton  Composite  Hopper  Cars:  Seaboard  Air  Line  Railway.*      (25)    June. 
Walschaert  vs.  Stephenson  Valve  Gear.*      (25)   June. 
Cast   Iron  Wheels   in   Pa^ssenger   and   Freight   Service:     Chicago,    Milwaukee   & 

St  Paul  Railway.     (25)  June. 
Test  of  the  New  York  (Central  Electric  Locomotive.     (25)  June. 
Electrical  Features  of  Block  Signaling.*     L.  H.  Thullen.      (42)  June. 
Compound   (4-Cyllnders)   Express  Engines  "Adriatic"  Type;  Southern  Railways 

of  lUly.*     Cfharles  R.  King.     (21)  June. 
A  Petrol  or  Gasolene  Motor  Car  for  Railways.*     Emlle  Guarinl.      (41)   June. 
The  Railway  Telephone  Service ;   Cost  of  Line  Construction.     Prank  F.  Fowle. 

(7)   June. 
Weight  Distribution  on  Electrio  Locomotives  as  Affected  by  Motor   Suspension 

and  Draw-Bar  Pull.*     S.  T.  Dodd.     (42)  June. 
Three- Phrase  Traction.*     F.  N.  Waterman.     (42)  June. 
Electric  Equipment  at  the  Karawauken  Tunnel.      (12)    June  2. 
Arrangement  and   Operation  of  American  Freight  Yards.*      Gtoorge   I.   Fowler. 

(15)  June  2. 
Car   Equipment  of   the    Indianapolis   A   Cincinnati   Traction   Company.*       (40) 

June  2. 
Westinghouse   Single   Phase    Electric    Locomotive   for   Heavy    Freight    Service.* 

(15)  June  2;  r40)  June  2;   (14)  June  8;  (18)  June  3. 
A  Large  Single- Phase  Locomotive  for  Heavy  Railroad  Service.*      (17)   June  3: 

(27)  June  3;   (25)  June;  (47)  June  24;  (13)  July  6;  (26)  June  30. 
Engine  Stop  and  Speed  Limit  System.*     (27)  June  3. 
Worm  Gearing  for  Railway  Motors.*     Henri  Somach.     (17)  June  3. 
Lighting.   Heating  and  Ventilation   of  Trains.      Charles   B.   Dudley.      (Abstract 

of  Report  to  the  Int.  Ry.  Cong.)      (18)   June  3. 
New  Equipment  for  Suburban  Traffic  on  the  Chicago  &  Western   Indiana  Ry. 

(13)  June  8.   ( 
Counterbalance  for  Balanced  Compound  Locomotives.*     Lawford  H.  Fry.      (15) 

June  9. 
Tests  of  a  Heavy  Shay  Locomotive.*     (15)  June  9. 
Locomotive  Performance   under  a  Steam   Pressure  of   250  Pounds.      W.   F.   M. 

Ctoss.     (15)  June  9. 

*  Illustrated. 
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Heavy  Passenger  Locomotlyes  for  the  C,  M.  ft  St.  P.*     (15)  June  9. 
Cross-Compound  Consolidation  for  the  "Soo"  Line.*     (15)  June  9. 
Hall  Automatic  Block  Signals  on  the  North  Bastern  Railway.*     (15)  June  9. 
Pacific  liocomotiye  with   Superheater  for  the  Brie  Railroad.*      (15)    Juno  9; 

(39)   June;   (25)   June. 
Test  of  a  Superheater  Locomotive.*     (15)  June  9. 
Grouping    and    Operating    Conditions    of   the    South    Louisrille    Shops.*      (15) 

June  9. 
Large  Tenders  on  the  Lehigh  Valley.*      (15)  June  9. 

Relative  Bfflciency  Tests  of  Friction  and  Spring  Draft  (Jear.*     (15)  June  9. 
Test  of  the  Alfree  Hubbell  Valve  Gear.*     (15)  June  9. 
Consolidation  Locomotive  for  the  N.  Y.  Central,  with  Walschaert  Gear.*     (15) 

June  9;   (25)  June;  (18)  June  8. 
A  New  Design  for  a  Four-Cylinder  Balanced  Compound  Locomotive.*     Samuel 

F.  Prince.     (15)   June  9. 
Holmen  Coaling  Station,  Pennsylvania  Lines.*      (40)   June  9;    (18)   June  24; 

(15)  July  14. 
Steel   Upper  Framing  for  Box  Cars.     C.   A.  Seley.      (Abstract  of  Address  de- 
livered at  Purdue  Univ.)      (40)  June  9;   (18)  June  10. 
Caledonian  Railway  New  Viaducts  and  Extensions.*     (12)  June  9. 
A  New  Train-Lighting  Dynamo.*      (73)   June  9 ;   (26)   June  9. 
An  Old  HiKh-Speed  Locomotive.     Herbert  T.  Walker.     (46)  June  10. 
The  New  Jungfrau  Locomotive.*     Emile  Guarini.      (19)  June  10. 
Superheating    Locomotives.*      Rudolf    Vogdt.       (From    Die    Umschau.)       (19) 

June  10. 
Oscillations  of  Railway  Vehicles.     (19)   June  10. 
High-Speed,    Lon^  Distance   Electric   Traction.      Charles   A.   Mudge.      (Addreaa 

before  the  N.  y.  Elec.  Soc.)      (19)  Serial  begtnninc  June  10. 
Foundries  of  the  Pennsylvania  R.  R.  at  Altoona.*     (18)  June  10. 
Standard  Locomotives  of  the  Pennsylvania  Railroad.*     (18)  June  10. 
Efficiency   of   Modern   Railway   Equipment.      Alva   B.    Johnson.      (Written   for 

Manufacturers'  Record.)      (18)   June  10. 
Maximum  Brake  Force  as  Regards  Foundation  Brake  for  Passenger  and  Frel^t 

Cars.      F.    M.    Nellis.      (Paper   read   before  the   Air   Brake   Assoc.)      (18) 

June  10. 
Acceleration  Tests  of  Steam  and  Electric  Locomotives.*      (47)  June  10. 
The  Deutsch  Electric  Train-Lighting  System.*     (27)  June  10 :  (20)  June  22. 
A    (Contractor's    Side-Leveler.      George   W.    Lee.    Jun.    Am.    soc.    C.    B.      (13) 

June  15. 
A  French  Locomotive  with  Water-Tube  Boiler.*     (13)  June  16. 
Austrian  Railway  Motor  Cars.*     (40)   June  16. 
Northern  Pacific  Dynamometer  Car.*      (15)   June  16 ;    (25)   Aug. 
Open-Top  Observation  Cars  of  the  D.  A  R.  G.*     (15)  June  16. 
Some  New  Steel  Passenger  Cars.*      (15)  June  16. 
Water   Softening  for   Locomotive   Use.      (Rept.   of  Com.   of  Master   Mechanical 

Assoc)      (15)  June  16;   (25)  Aug.;  Discussion  (65)  May. 
Locomotive  Terminal  Facilities.*     (Rept.  of  Com.  of  Master  Mechanics'  Assoc) 

(15)  June  16 ;   (25)  Aug. 
Combination  Box  and  Tank  Car.*     (15)   June  16. 
The  Mount  Clare  Boiler  Shop  of  the  B.  ft  O.*     (15)  June  16. 
Gasolene-Electric  Motor  Car  for  the  Chicago  ft  Alton.*     (15)  June  16. 
Platform  for  Wide  Vestibule  Cars  on  the  Big  Four.*     (15)  June  16. 
Friction  Draft  (}ear.*     R.  H.  Blackall.     (15)  June  16. 
Steel  f^nderframe  Postal  Car  for  the  Santa  F6.*     (15)   June  16. 
Heating  and  Ventilating  Passenger  Cars  on  the  Northwestern.*     (15)  June  16. 
The  Manufacture  of  Chilled  Wheels.     P.  H.  Griflln.     (15)   June  16. 
The  Schmidt  Superheated  Steam  Locomotive.*     Emile  Guarini.     (15)   June  16. 
A  Steam  Railway  Car.*      (12)   June  16. 

Incandescent  Gas  Lightinir  for  Railway  Trains.     E.  C.  Riley.     (Paper  read  be- 
fore the  Inst,  of  Gas  Ihigrs.)      (12)  June  16;   (47)  June  10;   (66)  June  6; 

(83)  July  16. 
Standard  Freight  Cars  on  the  Pennsylvania  Railroad.*      (18)  June  17. 
High-Power   Locomotives.     E.   Sauvage.      (Abstract  of   Paper   read  before  the 

Int.  Ry.  Cong.)      (47)  June  17. 
Locomotive  Front  Ends.*     (Report  of  Com.  to  the  Amer.  Ry.  Master  Mechanics' 

Assoc.)      (18)  June  17;  Abstract  (15)  June  16;   (25)  Aug. 
The  Morris  Canal  Crossing  of  the  Lackawanna  R.  R.*     (14)  June  17. 
The  Use  of  Superheated  Steam  on  Locomotives.*     H.  H.  Vaughan.     (Paper  read 

before  the  Amer.  Ry.  Master  Mechanics'  Assoc.)      (18)  June  17;  (15)  Serial 

beginning  June  28;  Abstract  (25)   July;   (13)   June  22. 
Service  of  the  Mallet  Compound  Locomotive,   B.  ft  O.  R.  R.      (18)    June  17: 

(25)   June:   (15)  July  14;    (13)  June  16. 
Standard  Specifications  for  Locomotive  Forgings.     (Com.  Rent,  presented  to  the 

Amer.  Rv.  Master  Mechanics'  Assoc.)      (13)  June  22;   (22)  July  27. 
The  San  Pedro.  Los  Angeles  ft  Salt  Lake  Ry.     (13)  June  22. 
The  New  Orleans  Terminal  Company.     (40)  June  23. 
New  York  Central  Steel  Underframe  Gondola  Car.*      (40)  June  28. 

*  Illustrated. 
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The  Iiiege  Bxhlbltion-Locomotiyes.*     (12)  Serial  beglnnlnfr  June  28. 

A  New  System  of  Signalling  on  the  Midland  Railway.*     (73)   June  28. 

Motor  Driven  Dwarf  Signal.*      (15)  June  23. 

Water  Spaces  around  Fire  Boxes.     LAwford  H.  Fry.      (Paper  read  before  the 

Master  Mechanics'  Assoc.)  (18)  June  23;  (25)  July. 
The  Mexican  Central  Wharf  at  Tamplco.*  (15)  June  28. 
Truck  Arch  Bars  for  100  OOO-lbs.  Capacity  Freight  Cars.      (Rept.  of  Com.  to 

the  Master  Gar  Bldrs.'  Assoc.)      (15)   June  28. 
Tests  of  M.  C.  B.  Couplers.*     (Rept.  of  Com.  to  the  Master  Car  Bldrs.'  Assoc.) 

(18)  June  24;  (15)  June  28;  Abstract  (25)  Aug. 
The  Platform  Shelters  of  the  New  Lackawanna  Terminal  at  Hoboken.*      (14) 

June  24. 
Railway  Carriage  Lighting  by  Means  of  Compressed  Gas.    M.  Naudd.*     (Abstract 

of  Paper  read  before  the  SocMt6  Technique  du  Gaz.)      (66)   June  27 ;    (24) 

July  17. 
The  Cave-in  of  the  Gunnison  Tunnel  near  Montrose,  Colo.*     (13)  June  29. 
The  Use  of  Thermit  in  a  Railroad  Shop.*     James  F.  Webb.     (62)  June  29. 
Milk  Cars  for  the  Lehigh  Valley.*      (15)   June  80. 
Four-wheeled  Caboose  for  the  Big  Four.*      (15)   June  30. 
Central  Vermont  Compound  Consolidated.*      (40)   June  80. 
The  Electrical  Engineer  in  Heavy  Traction  Work.*     William  McClellan.      (2) 

July. 
40-Ton  Steel  Bogle  Wagons;  Great  Western  Railway.*     (21)  July. 
Compound  Locomotives  at  Home  and  Abroad.*     Chas.  Lake.     (21)   July. 
Bight- Wheel  Passenger  Bngln«  with  Superheater,  D.,  L.  ft  W.  R.  R.*     (39)  July. 
Water  Purification  for  Locomotives.     (39)   July. 
4-(Jylinder    Balanced  'Compound    Passenger    Locomotive,    Pacific   Type:    Oregon 

Railroad  ft   Navigation   Company.*      (25)    July;    (18)    July   1;    (39)    July; 

(40)   July  14. 
Steel  Passenger  Cars:    Underground  Electric  Railways.  London.*      (25)   July. 
The    Largest    Locomotive   Boiler :    Mallet   Articulated    Compound :    Baltimore    ft 

Ohio  Railroad.*      (25)  July. 
A  Large  Locomotive  Building  and  Repair  Works  in  France.*     Charles  R.  King. 

(9)   Serial  beginning  July. 
Freight  Terminal  at  Galewood,  111.,  C,  M.  ft  St.  P.  Ry.*     (18)  July  1. 
The  Baltimore  Terminal  of  the  Western  Maryland  R.  R.*      (14)  July  1. 
The  Petaluma  ft  Santa  Rosa  Railway.*      (17)    July  1. 
A  French  Locomotive  with  Water-Tube  Boiler.*      (47)    July  1. 
The  Hart  Convertible  Ballasting  and  Freight  Car,  and  the  Work  of  Ballasting 

Track.*      (13)    July  6. 
Treated  Ties  and  Care  of  Ties  on  the  Atchison,  Topeka  ft  Santa  F6  Ry.*      (13) 

July  6:    (15)    July  21. 
Caledonian  Railway  30-Ton  Steel  Hopper  Car.*      (40)   July  7. 
Locomotive  Valves  and  Valve-Gears.*     W.  F.  M.  Ctoss.      (Paper  read  before  the 

Southern  and  Southwestern  Ry.  Club.)      (15)  July  7. 
Heating  and  Ventilation  System  for  a  20-Stall  Roundhouse.*      (15)   July  7. 
Some    Causes    of   Failures    of   Rails    In    Service.*      Robert    Job.      (Abstract   of 

Paper   read   before  the   Amer.    Soc.   for   Testing  Materials.)       (15)    July   7; 

(18)  July  22;    (20)   July  13:    (40)   July  28;    (14)   July  16. 
Single- Phase  Electric  Locomotive.*      (11)   July  7. 

Paris  Celnture  Railway:  Tandem  Compound  Locomotive.*      (12)    July  7. 

Gasoline  Motor  Car,  Union  Pacific  R.  R.*      (18)  July  8. 

Pour-Cylinder  Balanced  Compound  Locomotive,  P.  R.  R.*      (18)   July  8. 

The  General  Electric  System  of  Automatic  Block  Signals.*      (18)   July  8. 

New  Design  of  4-Cylinder  Balanced  Compound  Locomotive.*      (47)   July  8. 

The  Illinois  Terminal  R.  R.  Extension.      (14)   July  8. 

Permanent  Way  and  Structures  of  the  Toledo  Urban  and  Interurban  Railway.* 

John  S.  Worley.      (13)   July  13. 
The  Relation   of  Variable  Load   to   Cost  of  Transmission   in    Electric   Railway 

Problems.*     Sydney  W.  Ashe.      (13)   July  13. 
Compound  Articulated  Locomotive  for  South  America.*      (11)  July  14. 
Locomotives    at    the    Liege    Exhibition.*      C.    R.    King.       (15)    Serial    beginning 

July  14  ;    (40)   July  14. 
7  000-Gal.  Tender  of  the  Louisville  ft  Nashville.*      (15)    July  14. 
Signaling    on    Lines    of    the    Southern    Pacific.      E.    M.    Cutting.       (Abstract    of 

Paper  read  before  the  Pacific  Coast  Ry.  Club.)      (40)   July  14. 
Norfolk  ft  Western  Drop   Bottom  Gondola.*      (40)    July   14. 
New  York,  Ontario  ft  Western  Box  Car  Performance.*      (40)   July  14. 
Test  of  a  Heavy  Freight  Locomotive.*      (47)    Serial  beginning  July  15. 
Extending   the    Santa    F6   Railroad    into    San    Francisco.*      Herbert    I.    Bennett. 

(19)  July  15. 

Types  of  Interurban  Cars.     J.  N.  Shannahan.      (Paper  read  before  the  St.  Ry. 

Assoc,  of  the  State  of  New  York.)      (72)   July  15. 
Archer   Ave.    Terminal   of   the    Chicago   ft   Joliet    Electric   Railway    Co.*       (72) 

July  15. 
Stuart  Automatic  Block  Signal.*      (72)   July  15. 
Power  House  for  the  New  York  Central  Electric  Lines.*      (27)   July  15. 


*  Illustrated. 
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Railroad— (Contlnned). 

Steam  Motor  Car  for  the  Glasgow  A  Southwestern  Ry.*     (13)  July  20. 
Estimates  for  Railways  for  Light  Traffic.     William  D.  Marks.     (13)  July  20. 
Steel  Cross  Ties.     (15)  July  21. 
Powerful   Switching  Locomotives  for  the  Lake   Shore.*      (18)    July   21;    (40) 

July  21. 
A  French  Mountain  Electric  Railway.*      (40)    July  21. 
Hot  Feed  Water  and  Hot  Water  Heating.    A.  A.  Mayer.     (Paper  read  before  the 

Canadian  Ry.  Club.)      (18)  July  22. 
Some  Records  of  Maintenance- of -way  Expenses  on  American  Railways.      (13) 

July  27. 
The  New  British  Standard  Rail  Sections.*     (13)  July  27. 
The  Best  Metal  for  Rails.     P.  H.  Dudley.     (Abstract  of  Paper  read  before  the 

Int.  Ry.  Cong.)      (62)  July  27. 
A  Comparison  of  Steam  and  Electric  Motive  Power  on  a  Light  Traffic  Railway 

in  Iowa.     (13)   July  27. 
Four-Cylinder   Compound   Locomotives   on   the   Paris-Orleans   Railway.      M.   P. 

Oonte.     (Abstract  of  Article  in  La  Revue  OenercUe.)     Tr.  by  Lawford  H.  Fry. 

(15)    July  28. 
What  is  the  Best  Method  of  Painting  Steel  Cars?     F.  P.  Cheesman.      (Paper 

read  before  the  Amer.  Soc.  for  Testing  Materials.)      (15)  July  28. 
Extended  Piston  Rods  on  Union  Pacific  Vauclain  Compounds.*     G.  H.  LIkert. 

(15)   July  28. 
Motor  Cars  on  British  Railways.*     (40)  July  28. 
Rail  Sections  as  Engineering  Structures.*     P.  H.  Dudley.     (Paper  read  before 

the  Amer.  Soc.  for  Testing  Materials.)      (40)  July  28. 
The  Standard  Length  of  Brakebeams.*      (40)  July  28. 

Speciflcatlona  for  Cast  Iron  Car  Wheels.     (Report  of  Com.  on  Standard  Specifi- 
cations for  Iron  and  Steel  of  Amer.  Soc.  for  Testing  Materials.)      (18)  July 

29:   (20)  July  20;  (17)  .July  16. 
160  000  Lbs.  Capacity  Flat  Car,  P.  &  L.  E.  R.  R.     (18)  'July  29. 
Heavy  Switching  Locomotive.  New  York  Central  Lines.*     (18)  July  20. 
Steel  Freight  Car  Design.     C.  A.  Seley.     (28)   Aug. 

Pacific   Type   Passenger   Locomotive:   Chicago,   Rock   Island   and   Pacific  Rail- 
way.*    (25)  Aug. 
Cole  Balanced  Compound:  Brie  Railroad.*     (25)  Aug.;  (15)  July  14. 
Passenger  Car  Paint  Shop  Varnish  and  Cleaning  Rooms.*     (28)  Aug. 
Travaux   de   Construction   des   Diffdrentes   Lignes   du   M6tropolltain   de  Paris.* 

Georges  Lesourd.      (32)    Mar. 
Essals  des  Locomobiles  Wolf  Utilisant  la  Vapeur  Surchauf(4e.*     F.  Gutermutb. 

(37)  Apr. 
Les  CHiemins  de  Fer  Africains.*      (33)   Apr.  29. 
"Surchauffeurs    de^  Vapeur   pour    Chaudidres   Tubulaires   du   Type    Locomotive.* 

(34)  May. 
Bmbryage  Automatlque  de  Sdretfi.  Systdme  Lor  la.*     (34)   May. 
Chantier  de  Preparation  des  Traverses,  Install^  par  la  Compagnle  des  (Shemins 

de  Fer  de  r()uest  ft  Surdon  (Ome).*     J.  M.  Merklen.     (38)  May. 
Note   sur  les   Locomotives- Tenders  k  (2uatre  Essleux   Coupl6s   avec    Bogle  dee 

Chemins  de  Fer  de  Celnture.*     E.  Decourt.      (38)   May. 
La  Capacity  des  Wagons  ft  Marchandises.     (38)   May. 
Les  Locomotives  Mallet  du  Baltimore-Ohio  A  des  Chemins  de  Fer  de  Porto  Rloo.* 

(36)  May  10. 
Recherches  sur  le  Fonctionnement  des  Organes  de  la  Suspension  dans  les  Loco- 
motives.    A.  Herdner.     (38)  Serial  beginning  June. 
Note  sur  la  Liane  No.  8  du  Chemin  de  Fer  Mdtropolitain  de  Paris.*    M.  Mrard 

and  M.  de  Grldges.     (38)  June. 
Locomotives  Compound  ft  Quatre  Cyllndres  de  la  Compagnle  du  Chemin  de  Fer 

d'Orltens.*     L.   Pierre-Gu6don.      (34)    Serial  beglnnmg  June. 
Essals  de  Trains  ft  Marche  Raplde,  en  Allemagne  avec  des  Locomotives  ft  Vapeur. 

(33)   June  8. 
Basculeur  pour  Wagons  ft  Vole  Normale:  Systftme  Pohlig.*     (33)   June  24. 
Note  sur  la  Double  Traction.     M.  F.  Maison.     (38)  July. 
Die   Elsenbahnanlagen   der  Pennsylvaniabahn   in   Philadelphia.*     B.  Giese  and 

Dr.  Blum.      (49)  Pt.  4-6.  1906. 
Der  Wert  der  Heizflftche  ftlr  die  Verdampfung  und  Ueberhitzung  Im  Lokomotlv- 

kessel.     Strahl.      (48)    May  6. 
Die  Entwicklung  der  Gebirgslokomotlve.*     Rudolf  Sanzln.     (83)  May  19. 
Die  Giesserei  der  Amerlkanlschen  Lokomotivwerke  zu  Schenectady,  N.  Y.*     (80) 

June  1. 
Versuchsergebnisse  fiber  Stromverbrauch  und  -Rflckgewinn  auf  der  Valtelllna- 

bahn  und  Binlge  Eigenheiten  der  Drehstromtraktion.*     Eugen  CserhfttL    (83) 

June  9. 
Zwanglftufig    Gesteuerte     RechenauslSsung    ffir     Blockwerke.*       L.     Kohlffirst. 

(82)   July  16. 
Dampfturblnen  als  Lokomotiv-Antrieb.    Hans  A.  Martens.     (82)  July  22. 

Railroad,  Strset. 

The  Metropolitan  System  of  Paris.*     L.  Biette.     (Tr.  from  the  French.)      (84) 
Vol.  64,  Pt.  F. 


*  niustrated. 
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itollrwid,  Strwt-(CMitla«ed). 

Underground  lUUways  in  Great  Britain.*     Basil  Ifott  and  Darld  Hay,  M.  Inst. 

C.  B.     (54)  Vol.  64,  Pt.  P. 
Underground  Railways  in  the  United   States.*     William  Barclay  Parsons,   M. 

Am.  Soc.  C.  B.     (54)  Vol.  54,  Pt.  F. 
Tests  of  Steel  for  Blectric  Gonductiyity,  with  Special  Reference  to  Conductor- 
Rails.*     J.  A.  Capp.     (56)  Vol.  84. 
Two-Motor  Versus  Four-Motor  Bquipments.*     N.  McD.  Crawford.     (42)  Feb. 
Line  Construction  for  High- Pressure  Blectric  Railroads.*     Gtoorge  A.   Damon. 

(42)   Mar. 
Hlgh-Preseure  Line  Construction  for  Alternating-Current  Railways.*     Theodore 

Vamey.     (42)  Mar. 
On  Track  Bonding.    C.  W.  Richer.     (42)  Mar. 

The  Birmingham  and  Midland  Tramways.*      (26)   Serial  beginning  Apr.  28. 
Tramways  Permanent  Way  Ck>nstruction  and  Maintenance.*     James  Lord.     (77) 

May. 
The  Stubaital  Single-Phase  Railway.*     (73)  May  5. 
New  Semi-(^nyerCible  Cars  with   Steel  Underframes,   for  the  Brooklyn   Rapid 

Transit  Company.*     (17)   May  6. 
The  Bloomington.   Pontiac  A  Joliet  Single-Phase  Blectric  Railway.*     John  R. 

Hewett.     (17)  May  6. 
General  Blectric  Single-Phase  Railway.*     (27)  May  6. 
Westinghouse  Train  Control  System.*     (27)  May  6. 

Blectric  Lighting  and  Railway  Construction  in  the  Philippines.*      (27)   May  6. 
Automatic  Signal  and  Safety  Systems  as  Applied  to  Blectric  Railways.     Bdward 

Taylor.     (17)  May  6. 
New  Wrecking  Tool  Cars  for  Blevated  Railway  Service.*     (17)  May  18. 
Test  of  a  5  000-kw.  Alternator.     L.  L.  Gaillara.     (17)  May  18. 
Signals  for  Indicating  Controller  Positions.*      (17)   May  18. 
Some  European  Notes  (on  the  care  of  the  return  current.)     T.  J.  Nlooll.     (72) 

May  15. 
Standard  Type  of  Cars  for  City  Seryice  for  United  Railroads  of  San  Francisco.* 

(72)   May  16. 
New  Power  Plant  of  the  Camden  Interstate  Railway  Co.     G.  F.  Candage.     (72) 

May  16.  ' 

Wheel  Grinding  on  the  Boston  Blerated  Railway.*     (72)  May  15. 
The  System  of  the  Bloomington  ft  Normal  Railway  Blectric  ft  Heating  Com- 
pany.*    C.  H.  Robinson.      (17)   May  20. 
Signaling  in  the  New  York  Subway.     J.  M.  Waldron.      (Paper  read  before  the 

Ry.  Signal  Assoc.)      (73)  May  25. 
Repairs  to  Equipment.     M.  N.  Nash.     (Paper  read  before  the  Indiana  Bloc.  Ry. 

Assoc.)      (72)    June. 
Power  Plant  of  the  Qalesburg  Railway  ft  Light  Co.*     (72)   June. 
Steel  Car  for  East  Boston  Tunnel  Service.*      (72)   June;   (17)   June  17;    (15) 

June  16. 
Recent  Tests  of  Automatic  Sprinkler  Protection  for  Blectric  Railway  Properties.* 

(72)    June. 
Saginaw  ft  Bay  City  Railway  ft  Light  Co.*      (72)  June. 

Some  Interesting  Features  of  Blectric  Railways  in  Switzerland.*      (72)  June. 
The  Electrification  of  the  Metropolitan  District  Railway.*     (26)  Serial  beginning 

June  2. 
The  Single-Phase  Railway  System  in  Italy.     B.  A.  Kerbaker.     (26)  June  2. 
A  Novel  Conduit  Line.      (19)   June  8. 
Sprinkler  Test  in  Cleveland.*     (17)   June  8. 
A  New  Storage  Yard  and  Shop  Plant  for  the  Brooklyn  Rapid  Transit  (Company.* 

(17)    June  3. 
The  Calcutta  Tramways  System.*     (73)  June  9:   (17)  June  8;  (26)  July  14. 
Power  Generating  and  Distributing  System  of  the  Old  Ck>lony  Street  Railway.* 

(17)   June  10. 
Design  of  a  Pantagraph  Trolley.*     C.  P.  Nachod.     (27)  June  10. 
The  Old  Colony  Railway  Power  Plant.*      (27)   June  10. 

9uincy  Point  Station,  Old  Colony  Street  Railway  Company.*      (14)   June  10. 
he  Steel  Wheel  for  Street  Railway  Service.*      (17)  June  17. 
New  York  Subway  Ventilation.     Konrad  Meier.      (14)   June  17. 
The  Insulation  of  Tramway  Motors.     (26)   June  23. 

Blevated  Construction  in  Paris  and  Berlin.*     John  P.  Fox.      (17)   June  24. 
Light  Blectric  Railways.     James  R.  Cravath.      (42)   July. 
Fields  versus  Armatures  Nearest  Trolley.*     Joseph  Andrews.     (17)   July  1 
Car  Designs  and  Carrying  Capacity.*     John  P.  Fox.     (17)  July  1. 
Improved   Direct-Current  Controllers.*      (17)    July   1. 
Improvements  in  Metropolitan  Elevated  Shops,  Chicago.*      (17)    July  1. 
Portable  Sub-Station  for  Cincinnati  ft  Columbus  Traction  Company.*     John  R 
Hewett.     (17)  July  8. 


Mistakes  In  Motor  Connections  and  Their  Effects.*     Cale  Gough.  (17)  July  8 

The  Wheel  Question.*     C.  O.  Bacon,  Jr.      (17)  July  8.  ^      — * 

Suitable  Cars  for  City  and  Suburban   Service.*     T.  W.  Wilson.  (Paper  read 

before  the  St.  Ry.  Assoc,  of  the  State  of  N.  Y.)      (17)  July  8;  (72)  July  16. 


*  niustrated. 
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fUilroad,  Street— (Cootlnocd). 

Drainage  of  the  New  York  Subway  under  the  Harlem  RlYsr.*      (18)    July  8; 

(22)  June  30;   (41)  July. 
A  New  Protectiye  Device  for  Trolley  Standards.*     (73)  July  14. 
Some  High  Potential  Troller  Operation  Details.     (72)  July  16. 
Brunots  Island  Power  Station  of  the  Pittsburg  Railways  Co.     (72)  July  15. 
The  Sunderland  District  Tramways.*      (17)   July  15. 

A  Novel  A.  C.  Block  Signaling  System.*     Charles  E.  Bennett.     (17)  July  16. 
Four  Motors  v.  Two.     Robert  N.  Tweedy.     (26)  July  21. 
Rapid  Transit  in  Great  Cities.     William  Barclay  Parsons,  M.  Am.  Soc.  C.  SI 

(From  an  Address  delivered  at  Purdue  Univ.)      (15)  July  21. 
New  Car  Shops  and  Houses  for  the  Public  Service  Corporation  of  New  Jersey.* 

Martin  Schreiber.     (17)  July  22. 
Steel  Car  for  New  York  City  Railway.*     (15)  July  28;  (17)  July  29. 
New  Instruction  Car  for  the  Brooklyn  Rapid  Transit  0)mpany.*     (17)  July  29. 
A  Large  Power  Station  Operated  with  Fuel  Oil.*     W.  D.  Chamberlln.     (64)  Aug. 
Vielfach-Motorschaltung  fiir  Blektrische  Bahnen.*     Otto  F.   Schoepflich.      (8z) 

Apr.  29. 
Bisenbetonbauten  bei  der  Bostoner  Untergrundbahn.*     (78)  July. 
Die  Oleislosen  Bahnen,  System  Schiemann.*     W.  Butz.     (82)  July  8. 

Sanitary. 

Disposal  of  Municipal  Refuse:  Review  of  General  Practice.     Rudolph  Herlag, 

M.  Am.  Soc.  C.  B.     (54)  Vol.  54,  Pt.  B. 
Note  on  the  Removal  and  utilization  of  Municipal  Refuse  in  French  Cities.     P. 

Tur.     (Tr.  from  the  French.)      (54)  Vol.  54,  Pt.  B. 
Sewage   Disposal    in  America.      George  W.    Fuller,    M.   Am.    Soc   C.   B.      (54) 

Vol.  54,  Pt.  B. 
Sewage  Disposal  in  France.     M.  Bechmann.      (Tr.  from  the  French  by  (3eorge 

W.  Fuller,  M.  Am.  Soc.  C.  B.)      (54)  Vol.  54,  Pt  B. 
The    Science   of   Ventilation:    The   Advantages    and    Limits   of    "Natural"    and 

"Mechanical"  Systems  (3onipared.*     J.  D.  SutcUffe.     (Paper  read  before  the 

British  Inst,  of  Heat,  and  vent.  Bngrs.)      (70)  May. 
Mechanical  Bquipment  and  Sanitary  Work  in  the  Manual  Training  High  School, 

Brooklyn,  N.  Y.*      (70)  May. 
Sewer  Tunneling  with  a  Shield  in  Cleveland.     (14)  May  6. 
Sewage  Discharge  into  New  York  Bay.*     (14)  May  6. 
An  Improvised  Hot- Water  Shop  Heating  System.     (14)  May  18. 
The  New  Outfall  Sewer  at  Los  Angeles.*      (14)    May  18. 
Some  Features  of  Indirect  Heating.*     Konrad  Meier.     (14)  May  27. 
The  Interpretation  of  an  Analysis  of  the  Bffluent  from  a  sewage  Filter.     Barle 

B.  Phelps.      (7)   June. 
An  Often  Neglected  Factor  In  Sewage  Analysis.     Bllen  H.  Richards.     (7)  June. 
Vacuum  Heating  Installation  at  the  B.  W.  Bliss  Co.'s  Plant,  Brooklyn,  N.  Y.* 

(70)    June. 
A  Failure  of  the  Waring  Small-Pipe  Sewerage  System.     (14)   June  8. 
Heating  and  Ventilating  System  of  the  Majestic  Theatre,  Boston,  Mass.*      (14) 

June  17. 
The  72  000  coo-Gal.  Sewage  Pumping  Bngine  at  Dorchester.     (14)   June  17. 
Sewage   Purification  Plant  at   Charlotte,   N.   C*      Cecil   C.   B.   Beddoes.      (14) 

June  24. 
Bztensions  of  the  Worcester  Sewage  Disposal  Works.*      (14)   June  24. 
The  Bacteriological  Treatment  of  Sewage.    F.  Herbert  Snow,  M.  Am.  Soc.  C.  B. 

(2)   July. 
Residence  Heating  by  Direct  and  Indirect  Hot  Water.*     B.  F.  X^apron.     (Paper 

read  before  the  Amer.  Soc.  of  Heat,  and  Vent.  Bngrs.)      (70)  July. 
Possibilities  in  Heating  with  Hot  Air.    R.  S.  Thompson.     (Paper  read  before  the 

Amer.  Soc.  of  Heat,  and  Vent.  Bngrs.)      (70)  July;  (13)  July  18. 
The  Columbus  Sewage  Testing  Station.    R.  Winthrop  Pratt.     (60)  July. 
The  Bfflciency  of  the  New  Haven  Sewerage  System.     Frederi<dc  Jackson.     (60) 

July. 
Heating  System  of  the  Fifth  Regiment  Armory.  Baltimore,  Md.*     (14)   July  1. 
Reconstruction  of  the  Ventilation  System  of  the  House  of  (Commons,   London. 

(14)  July  1;  (12)  June  2. 
District  Heating.      (14)  July  15. 
SaniUtion  in  Manila.     (14)   July  16. 
The   Design   of   Central- Stat  ion   Hot-Water-Heating   Systems.      J.    D.   Hoffman. 

(Abstract   of   Paper   Presented   before   the   Amer.   Soc.   of   Heat,   and   Vent. 

Bngrs.)      (13)   July  20;   (70)  July. 
Sewage  Disposal  at  BImhurst.  N.  Y.*     (14)  July  22. 
Sewage  Disposal  at  Hampton,  Bngland.     (14)  July  22. 
A  Novel  Snow  (Compressing  Machine   (for  removing  snow  from  city  streets).* 

(13)   July  27. 
The  Treatment  of  Crude  Sewage  in  Triple  Contact-Beds.     T.  Hughes.      (From 

a  Paper  read  before  the  British  Assoc,  of  Mgrs.  of  Sewage  Disposal  Works.) 

(60)  Aug. 
L'Avacuation  des  Matidres  de  Vidange.*     G.  Bspitallier.     (33)   Serial  beginning 

May  6. 
Die  Abwftsser-Reinigungsanlage  zu  G5ttingen.     Jenner.      (81)   Pt.  2,  1905. 

*  Illustrated. 
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Concrete  and  Concrete- Steel  in  the  United  States.*  Edwin  Thacher,  M.  Am.  Soc. 
G.  B.     (54)  Vol.  64,  Pt.  E. 

Conerete  and  Concrete-Steel  in  the  United  States.*  John  S.  Sewell.  (54) 
Vol.  64.  Pt.  B. 

Concrete  and  Concrete- Steel  in  France.  A.  Considdre.  (Tr.  from  the  French  by 
Paul  A.  Seurot,  M.  Am.  Soc.  C.  B.)      (54)  Vol.  64,  Pt.  B. 

Concrete  and  Concrete-Steel  in  Holland.*    J.  J.  L.  Bourdrer.     (54)  Vol.  64,  Pt.  E. 

Tests  of  Materials  other  than  Metals.  Bdouard  Candlot.  (Tr.  from  the  French 
by  Paul  A.  Seurot,  M.  Am.  Soc.  C.  B.)      (54)  Vol.  64,  Pt.  F. 

TesU  of  Cement.     W.  A.  Aiken,  M.  Am.  Soc.  C.  B.     (54)  Vol.  64,  Pt.  F. 

Tests  of  Steel.  L.  Bacl4.  (Tr.  from  the  French  by  Paul  A.  Seurot,  M.  Am. 
Soc  C.  B.)      (54)  Vol.  64,  Pt.  F. 

Tests  of  Steel.    William  R.  Webster,  M.  Am.  Soc.  C.  B.     (54)  Vol.  64,  Pt.  F. 

Tests  of  Timber.     Oaetano  Lansa,  M.  Am.  Soc.  M.  B.     (54)  Vol.  64,  Pt.  F. 

The  Preserration  of  Timber  with  Antiseptics.     B.  H.  Bowser.      (1)   Apr. 

The  Strength  of  Concrete.*     Sanford  B.  Thompson.     (1)  Apr. 

Cement  in  Central  Station  Design.     Eugene  B.  Clark.     (42)  Apr. 

Factors  That  Affect  Results  in  Painting.     Houston  Lowe.     (58)  May. 

Hollow  Building  Blocks.*      (76)   May. 

Results  of  Tests  of  Common  Building  Brick  for  the  Bureau  of  Buildings,  New 
York  City.*     Ira  H.  Woolson.     (76)   May. 

Tests  of  Cements  at  the  Watertown  Arsenal.*  James  B.  Howard.  (Paper 
read  before  the  Assoc,  of  Amer.  Portland  Cement  Mfrs.)     (14)  May  6. 

A  New  Process  for  the  Protection  of  Iron  and  Steel  from  Corrosion.*  Sherard 
Cowper-Coles.      (47)   May  6. 

Steelwork  in  the  Twin  City  Rapid  Transit  Ck>mpany*s  Power  House,  Minne- 
apolis.*     (14)    May  18. 

A  Reinforced  Concrete  Building  for  a  Philadelphia  Printing  Company.*  (14) 
May  13. 

Tests  on  Reinforced  Concrete  Beams.*  W.  Kendrick  Hatt.  (Abstract  of  Paper 
in  The  Engineering  Review  of  the  Eng.  Socs.  of  Purdue  Univ.)     (14)  May  13. 

Action  of  Boiling  Saline  Solutions  on  Cement  (Compositions.  H.  C.  Stiefel.  (62) 
May  18. 

The  Advantages  and  Limitations  of  Reinforced  Concrete.  Charles  S.  Hill. 
(Paper  read  before  the  Assoc,  of  Portland  Cement  Mfrs.)  (62)  Serial  begin- 
ning May  18. 

The  Cement  Industry.  Frederick  W.  Huber.  (From  the  California  Journal  of 
Tech.)      (19)   May  20. 

Reinforced  Ck>ncrete  Building  Work  for  the  United  Shoe  Machinery  Co.,  Beverly, 
Mass.*     George  P.  Carver.      (13)   May  26. 

Distribution  of  Shear  over  Section,  for  Reinforced  Concrete  Beams.  John  O. 
Little.     (13)   May  25. 

Reinforced  Concrete.     (19)  May  27. 

Structural  Features  of  Rockefeller  Building  at  Cleveland.*     (14)  May  27. 

The  Design  of  Reinforced  CSoncrete  Bewns.  (George  H.  Blakeley,  M.  Am.  Soc. 
C.  E.      (14)    Serial  beginning  May  27. 

Underpinning  and  Protecting  the  Foundations  of  the  Times  Building,  New 
York.*      (14)   May  27. 

The  Strength  of  Reinforced  Concrete.*     T.  L.  Condron.      (4)   June. 

The  Testing  of  Cast  Iron.     Richard  Moldenke.     (3)  June. 

Making  Terra  Cotta  Without  the  Use  of  Plaster.*      (76)   Serial  beginning  June. 

Factory  Fire  Protection.*      (41)   June. 

Some  Results  of  Research  Work  on  Portland  Cement  at  the  University  of  Michi- 
gan.*    B.  D.  Campbell.      (67)    June. 

Practical  Cement  Tests  Not  Requiring  Laboratory.  Eb'nest  McCullough.  (Ab- 
stract of  Paper  read  before  the  Iowa  Cement  Users'  Assoc.)      (60)  June. 

Specifications  for  the  Construction  of  Inside  Oil  Rooms.  (Rept.  presented  be- 
fore the  Nat.  Fire  Protection  Assoc.)      (13)  June  1. 

Fire  Protecting  Ck>vering8  for  Window  and  Door  Openings.  (Abstract  of  Com. 
Rept.  presented  before  the  Nat.  Fire  Protection  Assoc.)  (13)  June  1;  (14) 
June  17. 

Some  Recent  Tests  of  Concrete  in  Tension  and  Compression  at  the  Columbia 
University  Laboratories.*     Ira  H.  Woolson,  M.  Am.  Soc.  M.  B.     (13)  June  1. 

Three-Hinged  Arch  Roof  of  the  New.  69th  Regiment  Armory,  New  York  Cl^.* 
(13)   June  1. 

Method  of  Making  Tests  on  Metals.     A.  Oradenwitz.      (22)   June  2. 

The  Sixty-Ninth  Regiment  Armory  Drill  Hall,  New  York.*      (14)   June  3. 

The  Reconstruction  of  the  Continental  Trust  Building,  Baltimore.*     (14)  June  3. 

The  Use  of  Hydrated  Lime.  E.  W.  Lazell.  (Abstract  of  Paper  read  before  the 
National  Lime  Manufacturers'  Assoc.)     (14)  June  3;  Abstract    (62)  June  16. 

Notes  on  Structural  Engineering.  W.  Dolg  Oibb,  M.  Inst.  C.  E.  (Paper  read 
before  the  Inst,  of  Gas  Bngrs.)      (66)  June  6 ;   (47)  June  17. 

Reinforced  Concrete  Warehouse  for  Northwest  Knitting  Co.,  Minneapolis,  Minn.* 
(13)    June  8. 

Vanadium  and  Vanadium  Steel.      (12)    June  9. 

A  Reinforced  Concrete  Stable.*      (14)    June  10. 

The  Mutual  Life  Building  in  the  City  of  Mexico.*      (14)  June  10. 

*  Illustrated. 
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Structural— (Continued) . 

Results  of  Comparative  Tests  of  Plain  and  Reinforced  Concrete  Columns.*     B. 

J.  McCaustland.     (13)   June  15. 
The  Effect  of  Manganese  in  Low  Silicon  Cast  Iron.     H.  C.  lioudenbeck.     (Paper 

read  before  the  Amer.  Foundrymen's  Assoc.)      (62)  June  16 ;   (20)  June  29. 
Expansion  and  Contraction  Cracks  in  a  Reinforced-Concrete  Structure.*     Ctoorge 

W.  Blodgett.     (15)   June  16. 
The  Rueping  Process  for  Preserving  Timber.*      (15)   June  16. 
Fire  Protection  at  the  Worthington  Works.*     (14)   June  17. 
The  Candler  Building,  Atlanta.*      (14)   June  17. 

Steel  Work  in  the  New  York  Sixty-ninth  Regiment  Armory.*     (20)  June  22. 
Heat  Treatment  and  Fatigue  of  Steel.     F.  Rogers.     (47)  June  24. 
Proportions   and   Character   of   Sand   and  Gravel   to   Use   in   Concrete.     J.    H. 

Marsh.     (From  Jowa  Bnaineer.)  •   (19)   June  24. 
Glass  Paving  and  Building  Bricks.     (19)  Serial  beginning  June  24. 
The  New  Works  of  the  IngersoU- Sergeant  Drill  Co.*      (13)   June  29. 
Visintini  Reinforced  Concrete  Truss  Construction.*      (40)  June  30. 
White  Portland  Cement.     Richard  K.  Meade.     (67)  July. 
Reinforced    Concrete:    Some    of    Its    Principles,    with    Practical    Illustrations. 

Walter  Loring  Webb.     (2)  July. 
Standard  Specifications  for  Iron  and  Steel.     (Rept.  of  Com.  of  Amer.  Soc.  for 

Testing  Materials.)      (18)   July  1. 
The  Hauck  Building  of  Reinforced  (Concrete,  Cincinnati.*    W.  P.  Anderson.     (14) 

July  1. 
The  New  Machine  Shop  of  the  Brown  &  Sharpe  Mfg.  Co.*     (14)  July  1. 
(3olumn  and  Girder  Details  in  a  Loft  Building.*     (14)  July  1. 
Tests  of  the  Efficiency  of  Vertical  Stirrups  in  Reinforced  Concrete  Beams.    (13) 

July  6. 
Reinforced  Concrete  Chapel  Building.  U.   S.  Naval  Academy,  Annapolis,   Md.* 

(13)  July  18. 
Investigation   of  the   Effect  of  Heat  upon   the   Crushing   Strength   and   Elastic 

Properties  of  Concrete.*     Ira  H.  Woolson,  M.  Am.  Soc.  M.  E.      (Paper  read 

before  the  Amer.  Soc.  for  Testing  Materials.)      (13)    July  18. 
Methods  for  Testing  Cast  Iron.     Richard   Moldenke.      (Paper   read   before  the 

Amer.  Soc.  for  Testing  Materials.)      (20)  July  13. 
Proper  Methods  in  Conducting  Painting  Tests.     Gustave  W.  Thompson.     (Paper 

read  before  the  Amer.  Soc.  for  Testing  Materials.)      (14)  July  16. 
Heavy  Plate  Girders  in  the  Bellevue- Stratford  Hotel  Extension.*     (14)  July  15. 
Steel  Sheet  Piling  to  Secure  an  Old  Foundation.*      (14)   July  16. 
Pig  Iron  Grading  by  Analysis.    Hambden  Buel.     (Abstract  of  Paper  read  before 

the  Amer.  Soc.  for  Testing  Materials.)      (20)  July  20. 
The  Design  of  Self- Supporting  Steel  Chimneys.*     John  D.  Adams.     (13)  July  20. 
Low-Pulling    Early-Stage    Portland    Cement    va.    the    Ordinary    Early    Strength 

Developing    Product.      W.    A.    Aiken.      (Paper   presented    before    the   Amer. 

Soc.  for  Testing  Materials.)      (13)  July  20;  (14)  July  8. 
Paper  as  Protection  for  Iron  and  Steel.*     Louis  H.  Barker.     (Paper  read  before 

the  Amer.  Soc.  for  Testing  Materials.)      (20)   July  20;    (15)    July  21;  Ab- 
stract (13)  July  27. 
Waterproofing   Concrete   Structures.      W.    H.   Finley.      (Paper    read   before   the 

Cement  Users*  Assoc.)      (18)    July  22. 
European  Reinforced  Concrete  Piles.     (14)   July  22. 

Underpinning  a  70-Ft.  Wall  without  Temporary  Supports.     (14)   July  22. 
Paper  and  Paint  for  Steelwork.*     (14)  July  22. 
Details  of  the  Wanamaker  Power  House.  Philadelphia.*      (14)   Serial  beginning 

July  22. 
The  Fire  Resistance  of  Different  Concretes.     (14)   July  22. 
The   Lighting   of   Mill    Buildings.      C.    A.    Raymond.      (Paper    read    before   the 

Toledo  Soc.  of  Engrs.)      (13)   July  27. 
Chicago  Foundations.     E.  C.  Shankland.     (From  Technograph.)      (14)   July  29. 
Roofing  for  Mill  Buildings.     (14)  July  29. 

Concrete.*     Brysson  Cunningham,  Assoc.  M.  Inst.  C.  E.      (19)   July  29. 
Note  sur  les  Pidces  Charg^es  de  Bout.*     J.  Massau.      (31)   Pt.  3,  1904. 
Contribution  k  I'fitude  des  Mortiers.     Emile  Camerman.      (30)   Apr. 
Essais  des  Bois  de     Construction.*     J.  Malette.     (36)   Apr.  25. 
L'Indttstrie  du  Ciment  aux  £tats-Unl8.*     George  P.  Roux.     (32)   May. 
Le  Progrds  de  I'lndustrie  du  Ciment  Portland.     E.  Candlot.      (32)   May. 
Petite  Maison  de  Rapport,  Rue  des  Prairies    (XXe  Arrondlasement) .   &   Paris. 

B.  Rivoalen.     (35)  May. 
Hangars  et  CTonstructions  ftconomiques.*      (35)  June. 
Peinture  des  Chemin6es  d'Usines.*     Y.  Charuel.      (35)   June. 
Infiuence  de  I'Azote  sur  les  Proprldtds  des  Aciers.     L6on  Gulllet.     (33)  June  10. 
Effet  des  Trto  Basses  Temperatures  sur  les  Proprifitds  M6caniques  du  Per  et  des 

Aciers  Sp6ciaux.     (33)  June  10. 
Das  Neue  Land-  und  Amtsgericht  Berlin-Mitte.*     Prof.   Schmalz.     (49)    Serial 

beginning  Pt.  4-6,  1906. 
Das  Neue  Rathaus  der  Stadt  Hannover.*     (81)   Serial  beginning  Pt.  1,  1905. 
Einige   Blastische   Werte   fOr   den   Parabeltr&ger.*      Adolf   Francke.      (81)    Pt. 

2.  1906. 


*  Illustrated. 
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Strodaral— (CoBtl0a«d ). 

Die  DlmenBlonierung  von  Blsenbetonbalken.     Rudolf  Sallger.     (81)  Pt.  2,  1806. 
Gr«phl8che  Behandlung  der  Kontlnulerlichen  Trftger  mit  Festen,  Blastlsch  Senk- 

oaren   oder   Drehbaren   und   BlastiBch   8enk-   und   Drehbaren   StUtsen.*      A. 

Oatenfeld.      (81)   Pt.  1.  1905. 
Die  KnlckungBberechnung  nach  den  VerauchsergebniBBen.     (81)  Pt.  1,  1906. 
Zur  Berecbnung  der  StJlrke  mit  Biaen  Bewehrter  Betonplatten.      (81)  Apr.  29. 
Die  Olasbausteine  System  Falconnler.*      (78)    Serial  beginning  May. 
Die  Brucbversucbe  der  Firma  Rud.    Wolle-Leipzig  am  Ausstellungs-PaTllion  in 

Dresden.     C.   Hauf.      (Abstract  of  Paper   read  before  the  Deutsche  Beton- 

▼erein.)      (78)   May. 
Vorschriften  fflr  Bogenbalken  (fflr  Wien).      (78)   May. 
Zur  Querschnittsbestisunung  ron  Platten  und  Plattenbalken  aus  Bisenbeton.     B. 

Blwitz.      (78)   May. 
Beitrag  zur  Berechnunir  der  Betoneisentr&ger.     P.  Weiske.     (78)   May. 
Die    Klemmfestigkeit    aes    Blsens    Im    Zementmi)rtel.*     Oustay    Llebau.     (80) 

May  13. 
Prttfung  yon  Zementdachstelnen   auf  Wasserdurchlftssigkelt.     Ludwisf.      (Paper 

read  before  the  Cementwarenfabrikantenyerein  Deutschlands.)     (80)  May  13. 
Berichterstattung    fiber    die    Vorgenommenen    Proben    bei    der    Portlandzement- 

fabrik  "Stern"  in  Stettin.     Hopf.      (Report  to  the  Cementwarenfabrikanten- 
yerein Deutschlands.)      (80)  May  13. 
Ausfiihrung   einer    Massiyen    Decke   yon    13,01m    Lichter    Spannweite   (Iber    der 

Turnhalle  des  Gymnasiums  in  Oross-Lichterfelde  nach  dem  System  Bggert.* 

A.  Schybilaki.      (51)   May  24. 
Die  Neuen  Englischen  Normen  fttr  Portland-Zement.      (51)    May  24. 
Zur  Berechnung  yon  Beh&ltem  auf  Winddruck.*     Philipp  Forchheimer.      (53) 

May  26. 
Schub-  und  Scherfestigkeit  des  Betons.      (80)   May  27. 
Die  Neubauten  der  Koniglich  Sftchsischen  Technischen  Hochschule  in  Dresden.* 

(51)    May  27. 
Die    Betonmfschmaschinen    in    Bngland.*      H.    Horner.      (78)    Serial    beginning 

June. 
Das  Postgebftude  in  Lausanne.*      (78)  June. 
Belastungsyersuch  mit  einem  Bisenbeton-Fachwerk  in  Surfleet  (England).     (78) 

June. 
Beschreibung    der    Konstruktion    und    Verwendung    yon    EisenbetonhohlblScken, 

Armiert  nach  "System  Lund."*      (78)   Serial  beginning  June. 
Ueber  die  Gef&hrllchen  Abscherfl&chen  in  Beton  Blngebetteter  Eisenstftbe.*     M. 

Koenen.      (78)   June. 
Sind  Kalksandsteine  Feuersicher?*     G.  Bell.     (80)  June  1. 
Versuche    ttber   den   Gleltwiderstand    Einbetonlerten    Eisens.*      C.    Bach.      (48) 

June  3. 
Hohe  Wohngeb&ude  in  Nordamerika.*     Siegmund  MttUer.     (51)  Serial  beginning 

June  3. 
Ergebnisse  yon  Versuchen  fiber  die  Knickfestigkeit  yon  Sftulen  mit  Fest  Einge- 

spannten  Enden.*     B.  Kirsch.      (48)   June  3. 
Dimension ierung  yon  Eisenbeton-Tr&gern  durch  Zeichnung.*     P.  Weiske.      (51) 

June   7. 
Die  Wirkung  Kiesels&urehaltiger  Zus&tze  auf  die  Festigkeit  yon  Portlandzement- 

mdrtel.      (80)    June  10. 
Bericht   der    Kommissionen   fUr    Bestimmung    der    Volumbest&ndigkeit    und    der 

Blndezeit  des  Portlandzements ;   ueber  den  Stand  der  Schlackenmischfrage ; 

und  fflr  Reyision  der  Normen.      (Committees  of  the  Verein  Deutscher  Port- 

landzementfabrlkanten.)      (80)   June  15. 
Uber   Neue   Abblndeversuche   mit   Portlandzement.*     Prof.    Gray.     (Paper    read 

before  the  Verein  Deutscher  Portlandzementfabrikanten.)      (80)    June  15. 
Die    Verbreitung   des    Hausschwammes    in   Russland.*      L.    y.    Lubimoff.      (53) 

June   16. 
Ueber  das  Umschlagen  der  Abblndezeit  des  Portlandzementes.     P.  Rohland.      (80) 

June  17. 
Die  Vorzlige  Scheitrechter  Gewdlbe  als  Ebene  Raumdecken.*     Otto  Lichterfelde. 

(Paper   read   before   the   Deutscher  Verein   fflr   Ton-,    Zement-    und    Kalkin- 

dustrle  E.  V.)      (80)   June  20. 
Ueber  die  Klemmfestigkeit  des  Eisens  im  Beton.      (80)    June  24. 
Zementmauersteine.     (78)   JuIt. 
Zur  Dimension  ierung  der  Rechtecklgen   und  T-Formlgen   Betoneisernen   Tr&ger. 

Max  R.  y.  Thullie.     (78)   July. 
Die  Berechnung  der  Eisenbetonplatte.*     Bosch.      (78)    July. 
Die  Zulftssige  Anstrengung  eines  Materials  bei   Belastung  nach  Mehreren  Rich- 

tungen.     H.  Wehage.      (48)   July   1. 
Ueber    den    Hydratations-    und    Erh&rtungsvorgang    des    Portlandzementes.      P. 

Rohland.     (80)  Serial  beginning  July  1. 
Oewdlbe-Konstruktionen    in    Bisenbeton    im    Neubau    der    St&dtischen    Gewerbe- 

schule  zu  Freiburg  1.  Br.*     M.  Stammnitz.      (51)   July  5. 

*  Illustrated. 
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Nota  Concomlng  an  Old  Instrument  for  Finding  DistancM,  Exhibiting  the  Old- 
est Known  Form  of  the  Transit-Theodolite  Principle.^  H.  D.  Hoskold. 
(56)  Vol.  84. 

The  Lsying  Out  of  City  Lots  Bounded  by  Cunred  and  Straight  Lines.  Bmest 
McCullough.      (13)    May  11. 

Modern  Oeodetic  Rulee.*     (19)  June  10. 

Quick  Processes  in  Modem  Gtoodesy.*  C.  B.  GuiUaume.  (Tr.  from  La  Nature}. 
(19)   June  17. 

Stereoscopic  Vision  Applied  to  Surrey ing.     E.  F.  Northrup.     (2)   July. 

Methods  of  Filing  Records  in  a  City  Surveyor's  Office.*  Fred  Gabelman.  (From 
The  TraneU.)      (13)   July  20. 

Beschreibung  eines  Neuen  Tachymeterschiebers.*     Puller.     (81)  Pt.  2,  1905. 

"Water  Supply. 

Purification  of  Water  for  Domestic  Use:  American  Practice.     Allen  Hazen,  M. 

Am.  Soc  C.  E.     (54)  Vol.  54,  Pt.  D. 
Purification  of  Water  for  Domestic  Use:  European  Practice.     Adolph  Kemma. 

(54)    Vol.  64.  Pt.  D. 
InTestigations  for  Ground-Water  Supplies.*     J.  M.  K.  Pennink.     (54)  Vol.  64» 

Purification  of  Water  for  Domestic  Use:  French  Practice.     M.  Bechmann.     (Tr. 
from  the  French  by  Allen  Hazen.  M.  Am.  Soc.  C.  B.)      (54)  Vol.  54,  Pt.  D. 
The  Principles  of  Design  of  Velocity  Pumps.*     William  Mayo  Venable,  Assoc. 


M.  Am.  Soc.  C.  B.      (54)   Vol.  64,  Pt.  D. 
nidpal  Water- Works  Pumpin 
M.  B.      (54)   Vol.  64,  Pt.  D. 


Municipal  Water- Works  Pumping  Engines.     Irving  H.  Reynolds,  M.  Am.  Soc. 


Operations  of  the  Hudson  River  Water-Power  Company.*     C.  E.  Parsons.     (56) 

Vol.  34. 
The  Resistance  ofFered  to  the  Flow  of  Water  in  Pipes  by  Bends  and  Elbows.* 

Connel  William  Long  Alexander.     (63)  Vol.  169. 
The  Artesian  System  of  Western  Queensland.*     Cyrus  John  Richard  Williams, 

M.  Inst.  C.  B.     (63)  Vol.  159. 
The  Development  of  Water-Power  at  Niagara  Falls  by  the  Niagara  Falls  Power 

Company.*    R.  V.  Rose.     (8)  Apr. 
The  Harris  System  of  Pumping  with  Compressed  Air.*     Elmo  G.  Harris.     (45) 

May. 
Well  Sinking  and  BoriuR  Appliances.*      (47)   May  6. 
A  High-Pressure  Water  System  at  Newark,  N.  J.*     (14)  May  6. 
The   Commercial   Pumping   Bnglne.      Charles   A.   Hague.      (Abstract   of   Paper 

read  before  the  Amer.  Water- Works  Assoc.)      (14)  May  13. 
The  Work  of  the  Philadelphia  Water  Filters.     (14)   May  18. 
The  Coagulation  and  Precipitation  of  Impurities  in  Water  Purification.     Joseph 

W.  BUms.     (Paper  read  before  the  Amer.  Chem.  Soc.)      (14)   May  18. 
■Completing  the  Jerome  Park  Reservoir.*      (46)   May  13. 

Boiler    Waters    and   Their   Treatment.      William    M.    Booth.      (62)    Serial    be- 
ginning May  18. 
The  Hydro-Electric  Installation  of  Turblgo,  Lombardy.*     Enrico  Blgnami.     (26) 

May  19. 
The  New  Hydro-Electric  Power  Plant  of  Cornell  University.*     W.  W.  Churchill 

(14)    May   20. 
The  Cross  River  Reservoir  for  the  Water  Supply  of  New  Tork  City.*      (14) 

May  20. 
Ice  Elevators  at  the  St.  Louis  Water  Works.*     E.  B.  Wall.     (14)  May  20. 
The  Necaza  Plant  of  the  Mexican  Light  ft  Power  Ck>.     J.  L.  Bothwell.      (14) 

May  20. 
A  HiKh-Pressure  Watar  System  at  (3oney  Island,  N.  Y.*     (14)  May  20. 
The  Hydraulic  Power   Works  on  the  River  Olommen,   Norway.*      (19)    Serial 

beginning  May  20. 
Some  Additfonal  Notes  on  Pipe  Coating.     F.  W.  Cappelen,  M.  Am.  Soc  C.  B. 

(Paper  read  before  the  Am.  Water- works  Assoc)      (13)  May  26. 
Tests   of   Copper   and    Iron    Sulphates    and    Lime   with    Mechanical    Filters    at 

Anderson,  ind.*     (13)  May  25. 
Electric  Pumping  Station  of  the  Schenectady  Water- Works.*      (27)    May  27; 

(14)   June  3. 
A  Concrete  Settling  Reservoir  at  McKeesport,  Pa.*      (14)   May  27. 
Some  Ibcperiments  with  Copper  Sulphate.    James  M.  Calrd.     (Paper  read  before 

the  Amer.  W.  W.  Assoc.)     (60)  June. 
Removal  of  Iron  from  Ground  Water.     (60)  June. 

Utilising  the  Power  of  the  Niagara  Rapids.*     Alton  D.  Adams.     (9)  June. 
The  Development  of  the  Ontario  Power  Co.*     P.  N.  Nunn.     (42)  June. 
Notes  on  the  Densitv,   Relative  Volume  and  Weight  per  Cubic  Foot  of  Pure 
Water.    M.  L.  Holman.     (Paper  read  before  the  Amer.  Water  Works  Assoc.) 
(70)   Serial  beginning  June. 
The  Kennebec  Valley  Tvphoid  Fever  Epidemic  of  1902-03.     George  C.  Whipple 

and  B.  C.  Levy.     (28)   June. 
The  Mississippi  River  as  the  Source  of  Water  Supply  for  the  Inhabitants  of 
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SOME  SPECIALTIES  OF  THE  SYSTEM  FOR 

FLUSHING  THE  NEW  SEWERS  OF 

THE  CITY  OF  MEXICO. 


By  Roberto  Gayol,  M.  Am.  Soc.  C.  E. 
To  BE  Presented  Octobe'r  4th,  1905. 


General  Eemarks  on  the  Old  and  New  Sewers. 

In  1886  the  writer  entered  the  service  of  the  City  of  Mexico  as 
Chief  Engineer,  and  was  at  once  instructed  hy  the  Alderman  in 
charge  of  Public  Works,  the  Engineer,  Manuel  M.  Contreras,  to 
study  the  proper  construction  of  the  sewers,  as  he  was  desirous  of 
modifying  the  old  system  of  construction  by  establishing  modern 
methods. 

A  study  of  the  drainage  of  the  city  was  undertaken,  and  it  was 
found  that  the  sewers,  consisting  of  an  extensive  network,  had 
many  defects.  They  were  of  rectangular  section,  without  any 
established  grade,  because  the  city  being  on  an  almost  horizontal 
plane,  all  the  sewers  had  been  constructed  without  any  plan  or  order, 
and  the  slight  grade  at  the  bottom  was  often  found  to  be  contrary 
to  that  which  was  required  by  the  flow  of  the  water;  the  materials 
used  in  the  construction  of  the  walls  were  in  some  places  brick  of  a 
very  poor  quality  and  in  some  places  stones,  of  irregular  form,  and. 


NoTB. — ^These  papers  are  issued  before  the  date  set  for  presentation  and  dis- 
cussion. Correspondence  is  Invited  from  those  who  cannot  be  present  at  the 
meeting,  and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or 
written,  will  be  published  in  a  subsequent  number  of  Proceedings,  and,  when 
finally  closed,  the  papers,  with  discussion  in  full,  will  be  published  in  Transactions. 
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as  hydraulic  mortar  had  not  been  used  in  any  case,  the  joints  were 
empty,  and  thus  presented  very  rough  surfaces. 

On  the  other  hand,  the  absence  of  a  systematic  plan  for  the 
sewers,  the  construction  of  which  had  been  commenced  in  the  middle 
of  the  eighteenth  century,  resulted  in  their  being  given  insufficient 
dimensions  for  the  volume  of  water  which  they  were  required  to 
carry,  for  each  sewer  had  been  built  in  accordance  with  the  caprice 
of  the  person  who  constructed  it,  and  as  if  its  only  duty  was  to 
drain  the  block  in  which  it  was  situated.  The  result  was  that,  in 
many  cases,  and  on  the  same  line,  the  cross-section  of  the  sewer  de- 
creased as  it  approached  the  connecting  canal.  The  latter  passed 
among  the  houses  on  the  east  side  of  the  city,  and  was  a  noisome 
ditch,  full  of  putrid  water. 

The  level  of  the  water  in  this  ditch  varied  according  to  that  of 
Lake  Texcoco,  and  also  depended  on  the  rainfall  in  the  Valley  of 
Mexico.  This  vaUey,  having  no  outlet  whatever,  the  volume  of 
water  was  decreased  only  by  evaporation.  Therefore,  whenever  the 
rains  were  heavy,  the  evaporation  was  not  sufficient  to  lower  the 
level  of  the  lake,  and  the  city  was  flooded,  so  that  many  blocks  re- 
mained under  water,  sometimes  for  six  months  or  more. 

These  extensive  inundations  took  place  about  every  ten  years, 
coinciding  with  the  cycles  of  the  periodical  variation  of  the  rains; 
but,  besides  this,  as  heavy  rains  fall  every  year  in  Mexico,  when- 
ever the  rainfall  amounted  to  15  or  18  mm.  or  more,  many  streets 
and  houses  were  flooded  for  6  or  8  hours.  In  these  cases,  the  filthy 
waters  gushed  up  from  the  sewers  in  the  lower  streets,  and  on  sub- 
siding left  them  covered  with  a  pestilent  and  loathsome  mud. 

Besides  these  objections,  the  sewers,  on  account  of  their  bad 
hydraulic  conditions,  were  always  full  of  mud,  and  exhaled  such  a 
strong  and  vile  smell  that  any  person  approaching  the  city  by  rail 
could  perceive  the  bad  smell  at  a  distance  of  4  or  5  km. 

A  study  of  the  condition  of  the  city  led  to  the  conclusion  that, 
in  order  to  get  rid  of  the  sewage  and  avoid  the  injurious  inundations, 
it  would  be  necessary,  first,  to  complete  the  drainage  of  the  valley, 
which  work  had  been  commenced  three  hundred  years  before,  and, 
for  many  different  reasons,  had  not  been  finished. 

On  the  other  hand,  as  these  works  were  not  completed,  and  bear- 
ing in  mind  that  the  permanent  sewers  would  have  to  be  built  at  a 
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lower  level  than  the  bottom  of  Lake  Texcoco,  it  would  be  necessary 
to  drain  them  by  pumps,  and  these  pumps  should  be  erected  at  once, 
if  the  drainage  works  of  the  valley  were  not  executed  with  rapidity, 
as  it  was  urgently  necessary  to  commence  the  construction  of  the 
new  system  of  sewers. 

Fortunately,  the  Federal  Government  actively  pushed  for\vard 
the  completion  of  the  drainage  works  of  the  valley;  but  the  very 
magnitude  of  these  works  delayed  that  object,  and,  as  the  rainfall 
in  1887  and  1888  was  exceedingly  heavy,  the  city  was  again  in- 
undated. The  writer  then  proposed  the  erection  of  four  large  cen- 
trifugal pumps,  which  would  liberate  the  city  from  the  risk  of 
extensive  inundations. 

This  scheme  having  been  approved,  the  pumps  were  erected 
under  such  conditions  that  the  water  in  the  city  could  be  lowered 
to  the  level  which  it  would  have  when  the  drainage  works  of  the 
valley  were  completed. 

Having  secured  an  outlet  for  the  water  by  pumping,  a  scheme 
for  the  construction  of  a  sewer  system  was  presented  to  the  Munici- 
pal Corporation.  In  studying  this  system  the  writer  visited  several 
cities  in  the  United  States,  and  thus  had  the  opportunity  of  forming 
valuable  friendly  relations  with  such  engineers  as  Messrs.  Rudolph 
Hering,  S.  M.  Gray,  F.  P.  Stearns,  Eliot  C.  Clarke,  Howard  Carson, 
Benezette  Williams  and  others,  whose  reputation  as  sanitary  en- 
gineers is  generally  known. 

From  an  analysis  of  the  peculiar  conditions  of  the  City  of 
Mexico,  the  conclusion  was  reached  that  the  combined  system  of 
sewerage  should  be  used,  and,  from  a  general  study  of  this  system, 
the  writer  was  convinced  that  it  could  only  give  satisfactory  results 
if  the  sewers  were  provided  with  a  perfect  system  of  flushing,  be- 
cause this  is  the  only  accepted  means  for  cleaning  sewers,  not  only 
as  regards  economy,  but  also  because  those  sewers  which  are  fre- 
quently flushed  are  those  which  are  maintained  in  the  cleanest 
condition. 

Governed  by  this  idea,  it  was  planned  that  the  new  sewers  should 
be  provided  with  a  thoroughly  eflicient  system  of  flushing,  so  as  to 
avoid  the  complaints  and  difficulties  which  would  arise  with  sewers 
of  the  combined  system,  in  a  city  in  which  it  often  happens  that  not 
a  drop  of  rain  falls  during  seven  months  of  the  year. 
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This  idea  led  the  writer  to  propose  a  flushing  system  differing 
from  any  that  he  knows  of  in  other  cities.  For  this  reason  he  de- 
sires to  have  the  honor  of  bringing  it  to  the  attention  of  the  mem- 
bers of  this  Society,  now  that  it  is  not  only  in  actual  service,  but 
has  been  shown,  by  nearly  two  years'  experience,  to  work  without 
any  difficulty  whatever,  and  with  great  economy,  as  will  be  demon- 
strated by  the  statistics  of  the  working  expenses. 

In  November,  1891,  the  writer  had  the  honor  of  attending  one 
of  the  meetings  of  the  Society,  and  there  explained  the  principal 
pounds  on  which  he  had  proposed  the  scheme  of  drainage  for  the 
City  of  Mexico.  He  also  described  in  general  terms  the  system 
proposed  for  flushing  the  sewers.  Shortly  afterward,  he  forwarded 
a  printed  paper*  in  which  he  described  the  scheme  in  detail,  and 
which  is  now  in  the  Library  of  the  Society.  Subsequently,  however, 
improvements  were  made  in  the  original  plan. 

The  incidents  which  delayed  the  construction  of  the  sewers  need 
not  be  mentioned,  as  they  are  of  no  scientific  interest;  but  it  should 
be  stated  that  the  scheme  encountered  much  opposition,  and  the 
writer  had  to  struggle  for  six  years  before  the  work  was  undertaken, 
although  it  was  carried  out  afterward  with  great  rapidity. 

During  this  time,  and  while  fighting  to  carry  out  the  plan,  the 
writer  introduced  improvements  which,  undoubtedly,  contributed 
very  much  toward  producing  good  results ;  and  these  are  now  appre- 
ciated, even  by  those  who  opposed  the  project. 

It  would  take  too  much  time  and  be  of  little  use  to  enter  into  a 
description  of  the  changes  made  and  the  reasons  for  their  intro- 
duction, and  therefore  this  paper  will  describe  the  work  as  it  is, 
and  state  the  results  obtained. 

The  city  is  divided  into  five  zones,  which,  as  far  as  permitted 
by  the  irregularities  of  the  streets,  cover  a  width  of  six  blocks,  as 
indicated  in  Plate  LVI,  to  which  the  following  description  refers. 

Along  the  longitudinal  center  of  each  zone  there  is  a  main  sewer 
of  large  dimensions,  which  receives  the  waters  carried  by  the  lateral 
sewers  in  that  zone,  and  which  for  this  reason  is  termed  a  "Col- 
lector," and  has  the  same  number  as  the  zone  to  which  it  belongs. 
Each  lateral  runs  along  a  sinuous  general  line,  straight  between 
comers,  but  turning  every  comer  alternately  so  as  to  follow  a  street 


*  '*Proyecto  de  Desagde  y  Saneamiento  de  la  Cludad  de  Mexico/'  Roberto  Gtoyol, 
Uexloo,  18B1. 
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from  north  to  south,  and  then  another  from  east  to  west,  until  it 
reaches  the  boundary  of  the  zone,  where  there  is  a  76-cm.  cast-iron 
pipe,  which  is  called  a  distribution  pipe  because  it  distributes  the 
water  for  flushing  the  sewers. 

The  water  from  the  National  Canal  is  carried  in  the  Derivation 
Canal  to  the  flushing  pumps  at  the  crossing  of  the  Piedad  and 
Chapultepec  Koads.  These  pumps  force  the  water  into  the  dis- 
tribution pipes  with  an  initial  pressure  of  12  hectogrammes  per 
square  centimeter,  equivalent  to  that  of  a  column  of  water  12  m. 
higL 

At  every  street  crossing  where  the  distribution  pipe  passes,  two 
15-cm.  cast-iron  pipes  issue  from  the  main  pipe  and  run  to  the 
starting  points  of  two  lateral  sewers,  thus  serving  to  inject  into  each 
of  the  latter  a  volume  of  water  of  about  120  liters  per  second 
(1  600  gal.  per  min.).  The  water  enters  with  an  initial  velocity  of 
from  8  to  10  m.  per  second,  which  is  soon  reduced  by  friction  to 
IJ  or  2  m.  per  second,  but  this  velocity  is  sufficient  to  make  the 
sewer  perfectly  clean. 

Of  'the  five  zones  into  which  the  city  is  divided,  one  is  called  the 
central  zone;  the  two  on  the  north  side  are  numbered  1  and  3,  and 
the  two  on  tJie  south  side  2  and  4,  in  this  way  following  the  general 
rules  that  govern  the  nomenclature  of  the  streets. 

Each  lateral  sewer  is  considered  as  forming  a  section  of  a  zone. 
Those  on  the  north  side  have  even  numbers,  and  those  on  the  south 
side  have  odd  numbers,  both  rising  from  east  to  west. 

The  general  distribution  pipe,  having  a  diameter  of  1.08  m. 
(42  in.),  starts  from  the  pumping  plant  and  crosses  the  city  from 
south  to  north.  From  this  pipe  there  are  nine  branches  at  present, 
five  to  the  east  and  four  to  the  west ;  those  to  the  east  in  the  northern 
region  bear  the  numbers  1,  3  and  5,  and  those  in  the  southern  re- 
gion are  numbered  2  and  4. 

The  city  has  not  spread  much  to  the  west  of  the  general  dis- 
tribution pipe,  and  for  this  reason  only  Pipes  1  and  3  are  laid  in 
the  northern  and  Pipes  2  and  4  in  the  southern  region. 

This  would  be  the  system  in  its  most  elementary  form,  if  the 
city  had  been  laid  out  in  a  regular  manner,  but  as  there  are  many 
irregularities,  it  became  necessary  to  adapt  the  system  and  the  loca- 
tion of  the  sewers  to  these  irregularities.    The  general  idea,  which 
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has  just  been  explained,  undoubtedly  renders  it  much  easier  to 
understand  Plate  LVI,  which  shows  graphically  the  location  of  the 
main  sewers,  lateral  sewers  and  distribution  pipes,  just  as  they  are 
now  constructed  and  in  active  service.  In  this  plan  the  following 
irregularities  may  be  observed: 

I. — Several  sewers,  such  as  those  numbered  15  and  17  in  the 
central  zone,  do  not  reach  the  distribution  pipe. 

In  this  case,  and  in  each  other  in  which  the  lateral  sewers  dis- 
charge directly  into  the  main  sewer,  it  is  considered  as  an  indepen- 
dent section,  and  bears  a  special  number,  but  receives  the  flushing 
waters,  not  directly  from  the  distribution  pipe,  but  from  some  other 
sewer  with  which  it  is  connected  by  a  manhole  in  which  a  sluice- 
gate can  be  placed,  in  the  manner  described  further  on. 

II. — ^In  certain  cases,  such  as  that  of  Sewer  25  of  the  central 
zone,  one  or  more  sewers  which  commence  at  the  distribution  pipe 
do  not  reach  the  main  sewer,  but  discharge  their  contents  into  an- 
other lateral  sewer. 

In  this  case,  as  in  that  of  No.  25,  above  mentioned,  the  longest 
line  is  considered  as  the  principal  one,  because  it  is  the  line  that 
serves  to  fix  the  grade  of  the  others  which  discharge  into  the  longest ; 
the  first  on  the  east  side  is  numbered  25  A,  the  second  25  B,  and  so 
on,  successively. 

III. — The  third  irregularity  is  found  in  those  sewers  which 
neither  commence  from  a  distribution  pipe,  nor  terminate  in  a 
main  sewer;  a  case  which  is  frequently  repeated.  An  example  can 
be  seen  between  Sewers  30  and  32  of  the  central  zone. 

Each  sewer  which  is  under  these  conditions  is  designated  by 
two  numbers,  that  of  the  sewer  from  which  it  receives  the  flushing 
water,  and  that  of  the  sewer  into  which  it  discharges  its  contents. 
For  this  reason,  the  sewer  just  mentioned  is  numbered  30-32  of  the 
central  zone. 
'  With  these  data,  it  is  easy  to  understand  the  meaning  of  the 
numbers  and  locations  shown  on  Plate  LVI.*  The  diameters  are 
indicated  in  centimeters,  the  lengths  in  meters,  and  the  grades  in 
decimal  fractions,  or  otherwise  by  the  natural  sine  of  the  angle  of 
descent. 


*  All  the  data  relating  to  the  diameter  of  the  sewers,  their  fnrades,  the  length  to 
which  each  diameter  is  carried,  and  the  total  length,  as  well  as  the  level  of  the  bottom 
at  the  starting  point,  and  the  slope  of  the  main  sewer,  are  filed  with  the  plans  in  the 
Library  of  the  Society. 


PLATE  LIX. 

PAPERS,  AM.  80C.  C.  E. 

AUQUST,  1H6. 

QArOL  ON 

FLUSH rNO  SEWERS. 


—^ 

T^ 


Papers.]  SEWER  FLUSHING  SYSTEM  IN  MEXICO.  401 

Details  of  the  New  Sewers. 

Plate  LVII  is  a  diagram  which  shows  in  detail  the  reference 
signs  used  in  the  plans  for  the  construction.  It  explains  the  mean- 
ing of  the  data  contained  in  the  other  plans  presented  herein,  and 
serves  to  give  an  approximate  idea  of  the  details  of  the  sewerage 
system. 

As  all  the  water  used  in  flushing  the  sewers  has  to  be  pumped, 
and  as  fuel  is  extremely  expensive  in  Mexico,  the  writer  was  very 
careful  in  the  selection  of  the  proper  kind  of  pump. 

Specifications  in  Spanish,  English  and  French  were  forwarded 
to  the  principal  countries  of  the  world,  and  tenders  were  invited, 
and,  when  received,  were  carefully  analyzed. 

To  conmience  with,  all  tenders  in  which  the  annual  expense  ex- 
ceeded seven-tenths  of  the  maximum  expense  were  at  once  excluded, 
and  then  a  careful  comparative  study  was  made  of  the  special  con- 
ditions of  the  best  tenders,  the  results  of  which  were  tabulated. 
Then,  from  these  data,  was  formed  the  diagram.  Fig.  2.  The  object 
of  this  diagram  is  to  show  at  a  glance  the  economical  conditions, 
and  the  engines  that  comply  best  with  the  specification.  The 
diagram  is  divided  into  two  parts  by  a  horizontal  line,  the  first 
section  of  which  represents  the  specified  duty;  the  second  represents 
the  average  price  of  the  machinery,  which  average  has  been  ob- 
tained by  taking  the  mean  value  of  the  twelve  proposals;  the  third 
section  represents  the  annual  expense  of  $28  000,  which  gives  very 
closely  the  average  of  all  those  in  the  diagram.  The  upper  part  of 
the  diagram  shows  the  favorable,  and  the  lower  part  the  unfavorable, 
conditions,  as  regards  economy;  for  this  reason  the  scale  of  the  duty 
is  ascendant  and  those  of  the  cost  and  annual  expenses  are  de- 
scendant. In  those  cases  in  which  a  manufacturer  presented  various 
tenders,  the  average  of  the  data  referring  to  the  same  was  adopted. 

On  the  horizontal  line  there  is  a  point  through  which  the  lines 
of  the  tenders  which  agreed  with  the  specifications  are  made  to 
pass;  then  follows  the  line  of  the  minimum  acceptable  duty,  that  of 
the  average  of  the  prices  submitted  by  the  manufacturers,  and  that 
of  the  maximum  annual  cost  that  could  be  admitted. 

There  were  only  two  tenders  having  lines  which  maintained 
themselves  continuously  within  the  zone  of  favorable  conditions, 
namely,  that  presented  by  the  E.  P.  AUis  Company,  and  that  of  the 
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Holly  Manufacturing  Company;  but  the  line  of  the  latter  was  the 
highest,  and  the  pump  cost  $10  000  less,  for  which  reason  it  was 
accepted,  and  the  writer  is  entirely  satisfied  with  its  working. 

Plate  LVJLLL  shows  the  general  arrangement  of  the  pump,  a 
geological  section  of  the  ground  on  which  the  machinery  was 
•erected,  and  the  nature  of  the  foundations  on  which  it  rests. 

SPECIAL  CAST-IRON  PIECES  FOR  THE  FLUSHING  PIPES 

luduow  ft«B  as  to  au  B. 
ai6i 


Fio.  4. 


Fig.  3  shows  the  details  of  the  manner  of  laying  the  distribution 
pipes.  In  every  case  it  was  necessary  to  provide  a  drain  to  collect 
the  subsoil  water,  which  is  very  abundant. 

Plate  LIX  shows  the  details  of  the  method  of  constructing  the 
masonry  around  the  76-cm.  valves  in  the  flushing  pipes,  work  which 
had  to  be  carried  out  with  special  precautions,  to  prevent  the  sub- 
soil water  from  penetrating  the  interior  of  the  manholes,  because^ 
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as  can  be  seen  from  the  drawing,  the  subsoil  water  stands  at  a  much 
higher  level  than  the  bottom  of  the  manhole. 

In  those  manholes  which  are  in  bad  ground  there  is  a  pressure 
around  the  bottom  which  has  a  tendency  to  raise  the  structure,  and, 
for  this  reason,  the  lower  masonry  of  these  manholes  is  reinforced 
with  steel  beams. 

Figs,  4,  5,  6  and  7  show  the  details  of  the  special  pieces  of  the 
flushing  pipes  and  manholes  which  allow  those  pipes  to  be  entered. 


SPECIAL  CAST-IRON  PIECES 
j^     FOR  THE  FLUSHING  PIPES 


FRONT  AND  SIDE 

ELEVATION  OrMANHOLE  T  IN  1.06  M.  PtPB 

Fia.  5. 

In  order  to  simplify  the  work  of  construction,  and  of  repairs 
which  might  be  required,  an  effort  was  made  to  reduce  to  a  minimum 
the  number  of  models  of  special  castings. 

In  studying  the  theoretical  part  of  the  flushing  system,  it  ap- 
peared to  be  desirable  to  arrange  it  in  such  a  manner  that  the 
valves  would  open  automatically,  and  that  the  length  of  the  stroke 
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of  the  piston  should  be  limited  by  means  of  the  screw,  A  (Plate 
LX),  with  the  object  of  having  the  volume  of  water  required  for 
flushing  enter  each  sewer  continuously,  independent  of  the  will  of 
the  operator  who  handled  the  valve.  This  valve  is  opened  and  closed 
by  the  pressure  of  the  water  circulating  in  the  pipes.  The  screw, 
A,  allows  the  volume  of  water  flowing  into  each  sewer  to  be  in- 
creased or  diminished  to  correspond  with  the  diameter  and  length 
of  the  conduit. 

In  practice,  it  was  found  that  the  use  of  other  and  simpler 
valves,  as  shown  by  the  drawing  of  the  screw-valve  on  Plate  LX, 

SPECIAL  CAST-IRON  PIECES  FOR  THE  FLUSHING  PIPEB. 


SIDE  AND  FRONT 
elevatiom  of  manhole  t  in  0.76-11.  ptk 

Fig.  6. 

presented  no  difficulty,  as  in  these  the  operation  of  opening  and 
closing  the  valves  is  effected  by  a  simple  screw,  B,  while,  at  the 
same  time,  the  screw.  A,  permits  the  control  of  the  maximum  quan- 
tity of  water  to  be  admitted  into  each  conduit. 

There  are  now  80  automatic  valves  and  more  than  120  screw- 
valves,  and  as  the  latter,  on  account  of  their  simplicity,  are  subject 
to  fewer  accidents,  and  work  perfectly,  the  automatic  valves  are 
gradually  being  converted  into  screw-valves. 
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Working  drawing  were  supplied  to  the  contractors  for  laying 
the  fluahing  pipes.  In  addition  to  other  details,  these  drawings 
showed  the  exact  position  to  be  given  to  the  special  pieces  from 
which  the  IS-cm.  branch  pipes  were  to  start.  The  contractors  were 
also  provided  with  a  working  drawing  for  each  street  crossing  for 


placing  the  intakes  and  flushing  valves.  All  the  flushing  valves  are 
placed  in  the  sidewalks,  and  it  was  necessary  in  each  case  to  study 
the  proper  situation  of  the  V  of  the  main  pipe,  which  is  a  special 
casting,  in  order  that  the  15-cm.  pipe  should  always  be  laid  at 
angles  of  10,  15,  20°,  etc.,  to  the  horizontal,  so  as  to  adapt  curred 
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pieces  at  angles  which  varied  from  5  to  6°,  which  greatly  facilitated 
the  construction. 

Plates  LXI  and  LXII  show  the  details  of  the  flushing  hole  and 
the  principal  varieties  of  manholes.  It  is  not  necessary  to  give  any 
special  description  of  each  one,  because  each  drawing  shows  in 
which  case  each  model  was  constructed.  It  should  be  stated,  how- 
ever, that  Model  No.  3  was  built  in  at  all  street  crossings  through 
which  two  sewers  passed,  in  such  a  manner  that  the  conduits  could 
be  inspected  in  four  different  directions  from  each  manhole. 

Models  8  and  9  were  built  at  those  points  where  a  sewer  started 
outside  of  the  lines  on  which  the  flushing  pipes  were  laid,  and 
which,  therefore,  could  not  receive  the  flushing  water  directly  from 
these  pipes.  In  these  models,  the  secondary  or  derived  sewer  has 
its  bottom  at  a  higher  level  than  the  principal  sewer,  so  that  when 
the  latter  receives  water,  it  always  flows  through  the  principal 
sewer;  but  inside  the  manhole  there  are  guides  or  vertical  channels 
in  which  a  sluice-gate  is  set  for  a  few  minutes  to  detain  the  flush- 
ing water,  the  level  of  which  rises  until  it  flows  through  the  derived 
sewers  and  runs  through  their  whole  length. 

At  every  point  where  it  was  necessary  to  put  in  a  manhole,  the 
working  drawing  gave  the  number  of  the  model  governing  the  con- 
struction of  that  manhole,  and,  as  the  contractors  were  already  in 
possession  of  the  drawing  for  each  model,  with  all  the  necessary 
data  for  building  each  one  without  any  difficulty,  it  was  only  in 
exceptional  cases  that  it  became  necessary  to  supply  details  for 
manholes  in  which  the  conditions  differed  very  much  from  those  of 
the  others. 

Plate  LXIII  shows  the  details  for  a  manhole  on  a  1.75-m.  main 
sewer;  Fig.  8  shows  the  method  of  putting  in  the  catch  basins  and 
connecting  the  rain  water  pipes;  and  Fig.  9  shows  a  junction  of  two 
main  sewers. 

Plate  LXIV  and  Fig.  10  show  the  details  of  the  structure  for 
connecting  the  main  sewers  with  the  Grand  Drainage  Canal  of  the 
Valley  of  Mexico.  This  canal  is  30  miles  in  length,  passes  through 
a  tunnel  6  miles  long,  and  furnishes  for  the  sewage  an  outlet  be- 
yond tlie  mountains  that  surround  the  Valley.  The  sewage  then 
passes  do\\Ti  the  slopes  that  run  to  the  Gulf  of  Mexico. 

The   structure    connecting    the   main    sewers    with    the    Grand 
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Draina^^  Canal  was  built  in  very  poor  ground,  and  for  this  reason 
every  effort  was  made  to  give  the  work  the  lightest  weight  possible. 
It  was  placed  on  a  very  solid  foundation,  capable  of  resisting  the 
earth  pressure  at  all  those  points  where  the  structure  was  neces- 
sarily heavy.  When  the  canal  was  opened,  the  ground  at  the  bot- 
tom bulged  upward  in  several  places,  because,  being  in  a  semi-fluid 
condition,  it  was  forced  up  by  the  pressure  of  the  ground  which  had 
not  been  excavated. 

The  level  of  the  bottom  of  the  main  sewers  is  below  the  level  of 
Lake  Tezcoco,  and  for  this  reason,  foreseeing  that  by  some  accident, 
the  waters  of  that  lake  might  invade  the  canal,  and  with  the  object 
of  preventing  the  damage  that  the  city  might  suffer,  sluice-gates 
were  placed  in  the  structure,  so  that  in  case  of  need  they  would 
prevent  the  passage  of  the  water  from  the  lake  into  the  main 
sewers.  In  the  event  of  its  becoming  necessary  to  close  these  sluice- 
gates, the  main  sewers  could  be  discharged  by  means  of  the  pumps 
erected  in  1888. 

An  examination  of  Plate  LXIV  and  Fig.  10  will  show  the  re- 
sources of  which  the  writer  took  advantage  to  counteract  the  hori- 
zontal thrust  of  the  soil.  The  walls  were  given  a  curved  form,  and 
the  curves  were  combined  in  such  a  way  that  the  pressure  is  finally 
transmitted  through  the  wing  walls  to  the  solid  ground.  By  this 
means,  the  vertical  walls,  which  receive  the  thrust  of  the  soil  for  a 
height  of  18  ft.,  have  a  thickness  of  only  2  ft.,  up  to  a  height  of 
10  ft.,  and  of  1  ft.  for  the  remaining  height. 

It  is  now  five  years  since  these  works  were  completed,  and,  as 
yet,  not  the  least  sign  of  settlement  has  been  observed. 

Details  op  the  Methods  of  Flushing  and  Cleaning  the  Sewebs. 

The  pumps  and  pipes  which  distribute  the  water  for  flushing  the 
sewers  are  reserved  exclusively  for  that  purpose,  and,  for  this  reason, 
the  pumps  work  only  during  the  time  required  for  that  operation, 
or  when  it  is  necessary  to  clean  the  sewers  with  brushes  in  the 
manner  described  further  on. 

There  are  two  small  gangs  of  laborers.  The  first  gang  com- 
mences work  at  7:20  a.  m.,  opening  nine  valves  in  the  distributing 
pipes  numbered  2  and  4  so  as  to  concentrate  the  whole  volume  of 
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water  available,  consisting  of  1  cu.  m.  per  sec,  in  the  sewers  which 
connect  with  Collector  No.  2.  Two  men  then  advance,  opening 
valves,  one  on  the  line  followed  by  Tube  No.  2  and  the  other  along 
Tube  No.  4,  but  they  open  only  the  valves  corresponding  to  the 
sewers  which  discharge  in  Zone  No.  2. 

Each  of  these  men  takes  with  him  a  list  showing  the  exact  hour 
and  minute  at  which  each  of  the  valves  under  his  charge  is  to  be 
opened,  and,  besides  this,  the  hour  and  minute  for  opening  the  cor- 
responding valve  is  painted  in  red  on  the  lower  face  of  the  iron 
cover  which  protects  the  valve;  the  hour  and  minute  at  which  the 
valve  is  to  be  closed  is  also  painted  in  the  same  place,  but  in  white. 

A  list  has  been  prepared  which  shows  in  detail  the  hour  at  which 
each  of  the  valves  is  to  be  opened  and  closed,  and  which  has  been 
fixed  with  reference  to  the  length  and  diameter  of  each  sewer.  As 
a  general  rule,  each  valve  remains  open  from  12  to  20  min.,  but  the 
time  is  reduced  to  4  min.  and  sometimes  increased  to  more  than. 
20  min.,  according  to  the  length  of  the  sewer. 

'  In  practice,  it  has  been  observed  that  the  flushing  water  is  dis- 
charged in  a  foul  condition  for  only  the  first  20  or  30  sec.;  but  in 
order  to  render  the  flushing  more  efficacious,  the  stream  of  water  is 
kept  running  for  several  minutes,  undoubtedly  much  longer  than  is 
absolutely  required  for  the  cleaning  of  the  conduits.  The  operation 
of  flushing  all  the  new  sewers  shown  on  Plate  LVI  is  accomplished 
in  about  5  hours.  This  is  done  once  every  day,  thus  maintaining 
the  sewers  in  good  condition  and  completely  free  from  all  kinds  of 
sediment. 

Besides  the  flushing,  the  conduits  are  also  cleaned  with  the 
apparatus  and  utensils  shown  in  Plates  LXV  and  LXVT.  A  heavy 
mop  is  passed  through  each  sewer,  and  acting  as  a  brush  separates 
from  the  walls  of  the  sewers  all  the  grease  and  other  substances 
which  adhere  to  them  and  cannot  be  washed  off  by  a  current  of 
water. 

In  order  to  carry  out  this  operation,  the  valve  through  which  the 
water  enters  the  sewer  is  opened  slightly  and  a  float  is  introduced 
which  is  carried  by  the  current  from  one  manhole  to  another  at  the 
next  street  crossing.  The  float  carries  with  it  a  hemp  rope,  i  in.  in 
diameter,  to  which  a  wire  rope  of  the  same  diameter  is  fastened. 

As  soon  as  these  cables  are  fastened,  the  hemp  rope  is  drawn 
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through  the  sewer  by  a  winch  placed  over  the  second  manhole. 
When  tibie  end  of  the  steel  rope  reaches  the  manhole  through  which 
the  float  was  introduced,  the  mop  is  fastened  to  the  steel  rope  and 
drawn  to  the  second  manhole. 

While  the  mop  is  passing  throu^  the  sewer,  a  certain  quantity 
of  water  is  introduced  which  carries  off  all  the  substances  loosened 
from  the  walls  of  the  conduit  by  the  mop. 

This  operation  costs  $82  per  mile,  but  by  it  the  sewers  are  kept 
perfectly  clean. 
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THE  WALWORTH  SEWER,  CLEVELAND,  OHIO. 


By  Walter  Camp  Parmlet^  M.  Am.  Soc.  C.  E, 
To  BE  Presented  October  4th,  1906. 


The  Walworth  sewer,  which,  up  to  the  present  time,  is  the  largest 
sewer  in  the  City  of  Cleveland,  has  only  recently  heen  completed, 
and,  as  yet,  all  the  £nal  settlements  have  not  heen  made.  In  round 
figures,  the  cost  has  heen  ahout  $860  000. 

A  considerahle  portion  of  the  designing,  mainly  the  determina- 
tion of  sizes,  grades,  section  of  sewer  required,  kind  of  materiak  to 
he  used,  etc.,  was  done  in  1896.  The  actual  construction  was  in 
progress  from  the  spring  of  1897  to  the  summer  of  1903.  In  conse- 
quence, therefore,  the  work  extended  through  several  political  ad- 
ministrations, and  came  successively  under  three  chief  engineers, 
viz,,  Mr.  M.  E.  Rawson,  from  the  heginning  to  April,  1899;  James 
Ritchie,  M.  Am.  Soc.  C.  E.,  from  April,  1899,  to  April,  1901;  and 
WiDiam  J.  Carter,  M.  Am.  Soc.  C.  E.,  from  April,  1901,  to  the 
present  time.  Until  April,  1899,  C.  G.  Force,  M.  Am.  Soc.  C.  E., 
was  Assistant  Chief  Engineer,  and  had  general  charge  of  all  sewer 
work.  During  the  entire  period  of  designing  and  constructing,  the 
work  was  under  the  direct  charge  of  the  writer. 


Note. — These  papers  are  Issued  before  the  date  set  for  presentation  and  dis- 
cussion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the 
meeting,  and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or 
written,  will  be  published  in  a  subsequent  number  of  Proceedinffn,  and,  when 
finally  closed,  the  papers,  with  discussion  in  full,  will  be  published  in  Tranaactiona. 
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Apportionment  op  Cost. 

The  estimated  oo8t  of  the  Walworth  sewer  was  $888188.17. 
Part  of  the  cost  was  divided  between  a  frontage  tax  and  an  apportion- 
ment against  the  sewer  districts  benefited,  and  the  remainder  was 
paid  by  the  city  at  large  out  of  the  intercepting-sewer  fund,  which 
was  created  by  Act  of  Legislature,  April  16th,  1896.  In  obtaining 
the  right  of  way  for  Walworth  Street,  a  large  portion  of  the  expense 
was  assessed  upon  the  adjoining  properties,  in  consequence  of  which 
the  frontage  tax  was  made  a  nominal  amount  in  order  to  comply 
with  the  provisions  of  the  law.  A  frontage  tax  of  50  cents  per 
linear  foot  was  placed  against  the  abutting  property,  but  this  was 
afterward  reduced  to  25  cents  per  linear  foot.  One-half  of  the  re- 
mainder, after  deducting  this  frontage  tax  from  the  total  estimated 
cost  of  the  work,  was  assessed  against  the  intercepting  sewer  fund  of 
the  city  at  large,  and  the  other  half  was  distributed  among  the 
several  sewer  districts.  The  distribution  among  the  districts  was 
based  upon  the  theory  that  the  more  valuable  properties  in  the  dense 
portions  of  the  city  are  benefited  in  proportion  to  their  yaluation. 
The  total  assessed  valuation  of  all  real  and  personal  property  in  each 
sewer  district  draining  into  the  Walworth  sewer  was  divided  by  the 
number  of  acres  in  the  district;  this  gave  an  assessed  valuation  per 
acre  for  each  sewer  district.  The  amount  of  tax  levied  against  each 
district  is  the  proportion  which  this  assessed  valuation  per  acre, 
multiplied  by  the  number  of  acres  from  each  sewer  district  draining 
into  the  Walworth  sewer,  bears  to  the  sum  of  the  products  thus  found 
for  all  the  several  districts.  It  may  be  objected,  to  this  method  of 
procedure,  that  ultimately,  when  the  entire  area  is  improved,  those 
portions  which  now  bear  the  least  tax  per  acre  will  receive  equal  bene- 
fits with  the  more  heavily  taxed  acreage.  On  the  other  hand,  however, 
it  is  clear  that  the  more  heavily  taxed  portions  will  have  enjoyed  the 
benefits  of  the  sewer  for  a  considerable  number  of  years  before  those 
portions  which  are  now  unimproved  will  receive  the  increased 
benefit  therefrom.  In  consequence,  therefore,  it  seems  that  the  in- 
dicated method  was  as  equitable  to  all  the  properties  afiected  as  any 
that  could  be  devised. 

General  Description. 

Walworth  sewer  drains  approximately  3  000  acres  in  the  south- 
west part  of  the  city.     This  area  lies  upon  the  table-land  west  of  the 
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Cuyahoga  River,  and  has  an  elevation,  for  the  most  part,  of  from 
100  to  160  ft,  ahove  Cleveland  base.*  The  general  slope  of  the 
region  is  toward  the  northeast,  and  the  surface  waters  flow  in  the 
stream  known  as  Walworth  Run.  Walworth  Run  is  only  one  of 
several  streams  in  deep  ravines  which  have  been  eroded  through  the 
alluvial  deposits  of  the  Cuyahoga  Valley.  Beginning  near  the  west 
end  of  the  area,  the  ravine  is  only  slightly  depressed  below  the 
general  surface,  but  as  it  extends  eastward  it  deepens  rapidly  until 
it  becomes  a  narrow  precipitous  gulch,  cutting  its  way  down  nearly 
to  the  level  of  Lake  Erie.  It  is  so  important  a  feature  in  the 
topography  of  the  city  that  it  forms  the  boundary  between  what  is 
locally  known  as  the  "West  Side''  and  the  "South  Side"  portions  of 
the  city.  It  is  crossed  at  several  places  by  streets  ui>on  embank- 
ments, as  at  Burton  and  Junction  Streets ;  or  by  large  steel  viaducts, 
as  at  Rhodes  Avenue,  Pearl  Street  and  Abbey  Street. 

In  the  development  of  the  city  the  stream  had  gradually  changed 
from  a  country  brook  to  a  fllthy  watercourse  carrying  refuse  from 
numerous  slaughter  houses,  breweries  and  other  industrial  plants. 

For  more  than  twenty  years  the  stream  had  been  foul,  and  a 
menace  to  the  health  of  the  community,  and  many  attempts  had 
been  made  to  obtain  a  main  sewer  in  this  ravine.  It  was  not  until 
1890,  however,  that  anything  tangible  was  effected.  In  that  year  a 
60-f t.  street,  extending  along  the  bottom  of  the  valley,  from  Scranton 
Avenue,  near  the  outlet,  to  the  intersection  of  Gordon  and  Clark 
Avenues,  was  obtained  by  appropriation  at  a  cost  of  about  $100  000. 
Various  plans  for  the  main  sewer  were  proposed  by  the  engineering 
department,  but  it  was  not  until  1896  that  it  became  possible  to 
carry  any  of  these  plans  into  effect.  In  1896  an  Act  was  passed  by 
the  State  Legislature  under  which  it  became  possible  to  build  the 
Walworth  Run  sewer  as  a  part  of  the  main  intercepting  sewer  system 
of  the  city.  Flans  were  then  perfected,  and  the  necessary  municipal 
legislation  was  completed.  Construction  was  actually  begun  on 
March  27th,  1897. 

Flate  LXVH  shows  the  general  location  of  the  water-shed  and 
the  various  subdivisions  of  the  Walworth  Run  drainage  area,  with 
the  main  sewers,  as  already  constructed  or  proposed.    Before  de- 


*  The  Cleveland  base  is  the  elevation  of  high  water  in  Lake  Erie  in  1888.  or  675.2  ft. 
above  mean  tide  at  New  YorJc.  The  present  elevation  of  Lake  Erie  is  about  2.5  to  3.5 
ft.  below  base. 
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scribing  the  construction  of  the  Walworth  sewer  it  is  well  to  con- 
sider first  some  of  the  peculiarities  of  the  region,  and  the  principles 
used  in  locating  and  designing  the  sewer. 

From  the  map  it  will  be  seen  that  the  largest  districts  lie  on  the 
south  side  of  the  run,  and  the  longest  lines  of  drainage  lie  nearest 
the  outlet.  It  was  found,  also,  owing  to  the  steep  grade  ujwn  which 
the  sewer  was  to  be  constructed,  that  the  time  required  for  flood 
waters  to  reach  the  upper  portions  from  the  tributary  sub-area,  plus 
the  time  required  for  these  flood  waters  to  pass  down  the  main  sewer 
to  a  given  point  near  the  outlet,  was  about  the  same  as  that  required 
for  the  flood  waters  to  pass  down  one  of  the  more  easterly  sewer 
areas  discharging  at  the  same  point  in  the  main  sewer.  In  other 
words,  the  time  interval  required  for  concentrating  the  flood  waters 
of  the  entire  3  000  acres  is  approximately  the  length  of  time  required 
to  concentrate  them  from  one  of  the  larger  down-stream  sub-areas, 
as,  for  example,  the  area  tributary  to  Mill  Street.  The  effect,  there- 
fore,  is  to  shorten  the  interval  of  time  required  to  concentrate  the 
water  from  the  entire  3  000  acres,  and,  consequently,  increase  the 
intensity  of  rains  to  be  provided  for. 

It  has  been  observed,  furthermore,  that  there  is  a  peculiar  ten- 
dency for  rains  to  follow  down  this  ravine.  This  peculiarity  has 
been  noticed  for  a  number  of  years  by  different  observers,  and  the 
rains  occurring  over  these  areas  have  been  particularly  intense. 
The  general  direction  of  heavy  summer  rains  is  toward  the  north- 
east, which  fact  tends  further  to  increase  the  volume  of  flood  in  a 
sewer  flowing  in  the  same  general  direction,  as  was  pointed  out  by 
Mr.  Force. 

Inflsmuch  as  the  proposed  sewer  was  to  occupy  the  lowest  por- 
tion of  the  valley,  entirely  obliterating  the  natural  channel  of  the 
brook,  it  became  necessary  to  provide  an  artificial  channel  capable  of 
carrying  the  heaviest  floods  which  are  likely  to  occur,  even  after  the 
territory  is  completely  built  up  and  sewered.  Otherwise  the  volume 
in  excess  of  the  capacity  of  the  sewer  would  sweep  down  the  valley, 
carrying  everything  before  it,  as  well  as  jwssibly  rupturing  or  de- 
stroying portions  of  the  sewer  itself. 

Observation  of  flood-water  heights  in  a  great  number  of  main 
and  lateral  sewers  in  the  city  gave  convincing  proof  that,  as  a  rule, 
the  sewers,  and  particularly  the  main  sewers,  had  been  designed  for 
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too  small  a  flood  allowance.  The  lateral  systems,  in  general,  had 
been  constructed  too  small  to  carry  ofF  immediately  the  flood  water 
leaching  them,  and  this  had  produced  two  results :  First,  in  backing 
water  into  the  adjacent  cellars;  and,  second,  in  holding  back  the 
floods  so  that  the  main  sewers  were  not  required  to  carry  as  large  a 
volume  of  run-off  as  they  would  if  the  sewers  of  the  lateral  systems 
had  been  of  adequate  dimensions. 

In  spite  of  this  holding  back  tendency  of  the  lateral  systems, 
many  of  the  main  sewers  ran  under  such  a  head  that  the  water  rose 
to  the  surface  of  the  ground  in  the  manholes,  lifting  off  the  iron 
manhole  covers. 

A  careful  study  of  these  conditions,  in  connection  with  the  rain 
records,  as  far  as  they  were  available  at  that  time,  was  made  by  the 
writer.  The  results  of  this  investigation,  together  with  some  obser- 
vations of  the  surcharge  of  sewers,  have  been  discussed  in  another 
paper*  and  will  not  be  repeated  here,  but,  for  convenience,  some  of 
the  results  regarding  the  provision  to  be  made  for  flood  water  may 
here  be  stated. 

Inasmuch  as  most  of  the  sewers  which  had  not  been  designed  by 
rule-of-thumb  had  been  proportioned  by  using  the  Burkli-Ziegler 
formula,  with  various  values  for  the  constants,  it  became  evident 
that,  for  large  areas,  a  greater  run-off,  in  proportion  to  the  smaller 
areas,  should  be  provided  for  than  was  given  by  that  formula. 

The  general  formula  adopted  was : 

in  which 

Q  =  volume  of  run-off,  in  cubic  feet  per  second; 

f  =  factor  of  run-off,  depending  upon  the  impervious  nature 

of  the  soil  and  surface; 
1^  =  an  intensity  of  rainfall  for  a  rain  lasting  about  8  or  10 

min.; 
8  =  the  general  slope  or  fall  of  the  sewers,  in  feet  per  1 000  ft. ; 
A  =  the  number  of  acres  drained. 

It  is  at  once  evident  that  raising  the  exponent  of  A  gives  the 
desired  increase  in  volume  of  run-off  for  large  areas  in  proportion 
to  that  given  for  small  areas.  The  equation  is  rapidly  solved  for 
any  case,  and  thus  becomes  a  practical  working  formula. 

*"  Rainfall  and  Run-off/'  by  W.  C.  Parmley,  Journal,  Association  of  Engineering 
Societies,  March,  189B. 
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To  illustrate  the  proportionate  increase  in  volume  of  run-off  by 
various  formulas,  the  comparisons  in  Table  1  may  be  made . 


TABLE  1. — Comparison  op  Run-off  Formulas. 


(1) 

Number  of  acres. 
A 

Burkli- 
Ziegler. 

(3. 

McMath. 
A^ 

A^ 

Column  4 
Columns 

(6) 

Cohmm  4 
Column  8 

10 

6.6 

8:. 6 

1?7.8 

406.4 

6.8 

89.8 

861.8 

604.9 

6.8 

46.4 

816.8 

790.0 

1.81 
1.47 
1.78 
1.96 

1.06 

100 

1.17 

1  000 

1.86 

8  000 

1.81 

Columns  5  and  6  show  the  relative  volumes  of  run-off  for  given 
areas  by  various  formulas,  providing  the  constants  are  the  same  in 
each  case.  There  is  a  slight  error  in  Column  6,  as  the  McMath 
formula  uses  the  fifth  root  of  the  slope  instead  of  the  fourth.  Had 
this  correction  been  made,  however,  the  values  given  in  Column  6 
for  ordinary  slopes  would  have  been  only  slightly  increased.  A 
value  of  22  =  4  was  finally  adopted  as  a  basis  of  calculation  for  the 
Walworth  sewer,  in  order  to  provide  for  the  most  violent  storms, 
and,  also,  for  the  further  danger  caused  by  the  prevailing  direction 
of  the  storms.  The  other  constants  were  chosen  by  judgment  to 
represent  the  conditions  in  each  sub-area  when  the  same  shall  have 
become  fully  developed. 

For  brevity,  let  ^  =/jB  \/  «,  then  0  =  IT  A*- 

In  Table  2  the  data  pertaining  to  each  sub-area  tributary  to  the 
Walworth  sewer  are  given,  together  with  the  accumulated  quanti- 
ties of  flood  water  below  each  sub-main,  by  adding  together  the 
volumes  for  the  several  sub-areas. 

In  Column  2  is  given  the  number  of  feet  from  the  remotest 
lateral  to  the  point  of  discharge  into  Walworth  sewer.  Column  3 
gives  the  number  of  minutes  required  for  the  water  to  flow  in  the 
sewer,  over  the  distance,  I,  plus  8  min.,  assumed  as  the  time  re- 
quired for  the  water  to  concentrate  on  the  surface  and  reach  the 
sewer.  Column  4  gives  the  estimated  number  of  minutes  for  the 
water  to  reach  a  given  point  in  Walworth  sewer  from  the  remotest 
lateral  tributary  to  that  point.  The  remaining  columns  are  self- 
explanatory. 
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TABLE  2. — Data  and  Volume  of  Flood  Flow  for  Walworth 

Sewer,  Cleveland,  Ohio. 


(1) 


Sub-main. 


(») 


Gordon,  N. 
Gordon,  8.. 
Clark,  W... 
Alum,  N... 
Alunu  8. . . . 

^nly...... 

Waverly..., 
Qnernfley.., 
8wln,  N  ... 
Swiss.  8.... 

Joncdon,  N, 
Junction,  8. 
Burton.  N  . , 
Burton,  S. . , 

Pollock 

Mai,K 

Mill,  8 

Pearl,  N 

Pearl,  8 

Brevier,  N.. 

Brevier,  8. . , 
Kenll  worth, 
8cranton. . . , 
CUfl. 


1  600 

5800 

6600 

1  800 

4»00 

1  800 

1  800 

700 

80O 

600 

SOOO 

7200 

2600 

0800 

1  200 

700 

18  900 

4  100 

2400 

(3) 


B 


(*) 


12 
21 
10 
11 
21 
11 
11 
10 
11 
10 
16 
26 
17 
82 
12 
10 
46 
10 
15 


II 

a 

T 


21 
21 
21 


23 
24 
24 
24 
26 
25 
27 


5? 
SI 


(*) 


(») 


12 

128 

860 

8 

68 

9 

9 

8 

75 

6 

71 

187 

57 

466 

19 

42 

797 

154 

58 


(y)     1(8) 


Eh 


12 

186 

486 

498 

640 

666 

664 

672 

647 

668 

724 

911 

968 

1  484 

1  468 

1  496 

2292 

2446 

2604 


0.76 

0.621 

0.621 

0.76 

0.62i 

0.76 

0.76 


6 
10 
7 
6 
10 
6 
6 
6 
6 
8 
4 
7 
4 
6 
6 
4 
8 
4 
8 


(») 


8.76 
4.44 
4.08 
8.92 
4.44 
8.92 
8.92 
8.92 
8.92 
4.20 
8.62 
4.08 
4.24 
8.76 
8.76 
4.24 
8.28 
4.24 
8.96 


(10)1    (11) 


II 


cu.ft. 

80 

245 

540 

22 

121 

25 

26 

22 

144 

19 

124 

820 

128 

680 

44 

96 

858 

282 

117 


Pearl  8t.  from  the  north  enters  at  Brevier  8t. 


600 

9 

46 

4 

2  606 

0.62i 
0.62{ 

16 

4.02 

14 

11  150 

89 

416 

2924 

8 

8.28 

600 

2000 

10 

26 

2960 

0.76 

40 

7.56 

115 

8400 

19 

48 

82 

2982 

0.624 

8 

8.28 

59 

I 

Q 


&- 


80 
276 
815 
887 
968 
988 
008 
000 
174 
198 
817 
687 
760 
2890 
2484 
2580 
8888 
3  670 
8  787 


1 
1 
1 
1 
1 
1 
1 


8801 
4  801 
4  416 
4  476 


By  comparing  Columns  3  and  4  of  Table  2,  it  will  be  seen  that 
the  time  required  to  concentrate  the  water  in  Walworth  sewer  at 
Gordon  Avenue  is  about  21  min.,  t.  e.,  the  time  required  to  concen- 
trate the  water  from  the  remotest  lateral  tributary  at  that  point. 
The  three  branches  joining  to  form  Walworth  sewer  at  this  point 
are  Gordon  Avenue  from  the  north,  Clark  Avenue  from  the  west 
and  Gordon  Avenue  from  the  south.  Evidently,  it  would  be  wrong 
to  apply  a  rain  formula  directly  to  the  sum  of  these  three  areas, 
since  a  rain  of  21  min.  duration  would  cause  the  Gordon  Avenue 
sewer  from  the  north  to  discharge  the  run-off  from  its  entire  area 
for  9  min.,  and  the  Clark  Avenue  sewer  to  discharge  its  entire  run- 
off for  2  min.  before  that  from  the  entire  area  tributary  to  GJordon 
Avenue  from  the  south  would  arrive  at  the  junction  of  the  three 
sewers. 
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In  a  case  of  tkis  kind  it  is  necessary  to  apply  the  rain  formula  to 
each  area  separately  and  add  together  the  three  volumes  thus  ob- 
tained, for  the  reason  that  it  is  quite  possible  that  the  most  intense 
portion  of  the  rain  may  occur  near  the  end  of  the  21-min.  period, 
in  which  case  all  the  short-time  areas  may  be  affected  by  the  inr 
creased  intensity,  whereas  only  a  portion  of  the  long-time  area 
could  be  thus  affected.  The  discharges,  calculated  separately  for 
the  three  areas,  are  added  and  give  815  cu.  ft.  per  sec.  as  the  neces- 
sary capacity  of  the  Walworth  sewer  at  the  upper  end. 

In  like  manner,  proceeding  down  the  line  of  the  main  sewer, 
where  the  velocity  is  very  great  and  the  time  of  flow  correspondingly 
short,  the  main  sewer  may  be  required  to  carry,  in  addition  to  what 
is  already  flowing  therein,  the  contribution  under  short  intense  rain 
conditions  from  soma  lateral.  Thus,  at  Alum  Street,  at  the  end  of 
22  min.,  the  sewer  may  be  required  to  carry  the  run-off  from  an 
intense  rain  for  the  immediately  preceding  11  min.  required  to  give 
the  full  discharge  from  the  8  acres  tributary  from  the  north.  At 
the  same  time  the  discharge  from  the  53  acres  coming  in  at  Alum 
Street  from  the  south  will  meet  the  volume  coming  down  the  main 
aewer. 

The  fact  that  the  prevailing  direction  of  the  heavy  rains  is  the 
same  as  the  direction  of  flow  in  the  main  sewer  makes  this  method 
of  treatment  the  more  necessary,  as  already  mentioned. 

The  conditions  at  Mill  Street,  where  the  largest  sub-main  con- 
tributes its  flow  to  the  main  sewer,  need  special  mention.  Here  the 
time  element  of  the  sub-area  is  apparently  10  min.  greater  than  that 
of  the  main  sewer  at  the  point  of  jimction.  This  appears  to  be  a 
possible  exception  to  the  method  adopted,  and  it  would  appear  that 
the  flood  volume  would  be  receding  when  the  maximum  discharge 
of  the  Mill  Street  sewer  from  the  south  occurred;  but  it  will  be 
observed  that  the  area  tributary  to  Walworth  sewer  above  Mill  Street 
is  about  1 450  acres.  Now,  the  flood  wave  from  such  an  area  occu- 
pies an  appreciable  time  in  passing  a  given  point.  Furthermore,  it 
is  impossible  to  determine  the  exact  time  elements  of  the  several 
areas,  in  fact  the  time  will  vary  with  different  rains.  Therefor^ 
in  this  case  it  would  not  be  safe  to  assume  that  the  flow  in  Walworth 
sewer  at  Mill  Street  was  appreciably  less  than  its  maximum  at  the 
time   Mill   Street   discharges   its   maximum  flood.    The   additive 
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method,  therefore,  is  observed  here,  the  same  as  in  the  more  obvious 
cases. 

Each  sub-area,  therefore,  is  treated  independently,  and  the  volume 
assumed  to  be  flowing  in  the  sewer  at  any  given  point  is  equal  to  the 
sum  of  the  separate  volumes  obtained  from  all  the  tributary  sub- 
areas  above  that  point. 

While  discussing  the  subject  of  run-off,  it  may  be  well  to  test  the 
correctness  of  the  method  of  treatment  which  was  followed  in  1806 
in  flxing  the  sizes  of  the  various  portions  of  this  sewer. 

At  a  later  date,  in  connection  with  another  subject,  the  writer 
made  a  more  exhaustive  study  of  the  rain  records  of  the  city  than 
was  possible  at  the  time  the  sizes  of  the  Walworth  sewer  were  flxed. 
The  rain  records  of  the  United  States  Weather  Station  at  Cleve- 
land for  10  years — ^1890  to  1899,  inclusive — ^were  analyzed,  as  well  as 
the  records  of  an  automatic  rain  gauge,  at  St.  Ignatius  College,  for 
the  years  1897  to  1899,  inclusive.  Eecords  from  three  automatic 
gauges  installed  by  the  writer  during  the  spring  of  1900  were  also 
studied. 

In  general,  it  has  been  found  that  the  Government  records,  for 
the  violent  rains,  have  shown  a  lees  intensity  than  recorded  by  the 
gauges  in  other  parts  of  the  city.  This  is  caused,  possibly,  by  the 
fact  that  the  Government  gauge  is  located  near  the  lake  front  and 
upon  the  roof  of  a  building  some  200  ft.  above  the  ground.  At  this 
altitude,  a  gauge  will  show  less  precipitation  than  if  located  nearer 
the  ground.  It  is  possible,  also,  that  the  violent  wind  which  Tisually 
accompanies  such  storms  strikes  against  the  windward  face  of  the 
building,  and  causes  an  upward  blast  of  air  which  carries  a  portion 
of  the  rain  over  and  beyond  the  gauge.  In  using  the  Government 
records  for  this  city,  therefore,  it  must  be  assumed  that,  as  a  rule, 
they  under-estimate  the  intensity  of  the  more  violent  storms. 

Fig.  1  shows  graphically  a  probable  frequency,  for  any  given 
year,  for  rains  of  various  intensities,  as  based  upon  the  Government 
records  for  the  10  years,  1890  to  1899,  inclusive.  It  is  produced 
by  platting  all  the  rains  during  this  period.  The  probable  number 
occurring  in  any  given  year  is  shown  on  the  left,  for  the  durations 
indicated  at  the  bottom.  Thus,  for  example,  two  rains  of  1  in.  in- 
tensity and  lasting  25  min.  are  likely  to  occur  in  any  given  year; 
or,  again,  the  probability  of  the  3-in.  rate  lasting  20  min.  is  about 
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0.2,  or  about  once  in  6  years.  In  similar  manner,  the  frequency  for 
rains  of  any  other  intensities  and  durations  may  easily  be  obtained. 
Applying  the  observed  frequency  of  rains,  as  determined  by  Fig.  1, 
to  the  problem  of  run-off  for  Walworth  sewer,  the  following  compari- 
sons with  the  volume  of  run-off  determined  by  the  formula  used  in 
1896  may  be  made.  Taking  first  the  area  tributary  to  Walworth 
sewer  and  Gordon  Avenue  from  the  north,  the  time  element  is 
12  min.  Since  it  is  necessary,  as  before  stated,  for  the  Walworth 
sewer  to  carry  the  flood  from  the  most  intense  rains.  Fig.  1  shows 
that  about  once  in  2  years  a  rain  lasting  12  min.  and  of  at  least 
3-in.  intensity  is  likely  to  occur.  For  the  Grordon  Avenue'  tributary 
from  the  south,  the  time  element  is  21  min.,  for  123  acres,  and  for 
the  Clark  Avenue  tributary  from  the  west  the  time  element  is 
19  min.  for  350  acres.  Again,  the  diagram.  Fig.  1,  shows  that  once  in 
5  years  there  may  be  a  3-in.  rate  lasting  20  min.  The  sewer, 
therefore,  should  have  a  carrying  capacity  at  least  equal  to  the  run- 
off produced  by  such  a  rain.  The  factor  of  run-off  assumed  for  this 
area  is  62 J%,  therefore  the  discharge  is  0.626  X  3  =  1.876  cu,  ft 
per  sec.  per  acre,  and,  for  the  486  acres  tributary,  the  total  discharge 
would  be  909  cu.  ft.  per  sec.  The  volume  provided  for,  as  shown  by 
Table  2,  being  only  816  cu.  ft.  per  sec.,  there  is,  in  the  carrying 
capacity,  an  apparent  deficiency  of  94  cu.  ft.  per  sec.  Had  the  more 
correct  method  been  used,  of  applying  more  intense  rains  to  the  area 
tributary  to  Gordon  Avenue  from  the  north  than  that  applied  to  the 
other  two  areas,  the  deficiency  would  have  been  slightly  increased. 

Testing  the  capacity  of  the  sewer  below  Junction  Street,  where 
the  time  element  is  26  min..  Fig.  1  shows  that  the  3-in.  rate  is  likely 
to  occur  about  once  in  10  years.  As  it  would  not  be  permissible  to 
have  the  sewer  surcharged  as  often  as  once  in  10  years,  it  must 
carry  the  volume  of  run-off  from  such  a  rain,  and  since  a  3-in,  rain 
intensity  was  used  for  shorter  intervals  than  26  min.,  the  rain  rate 
may  be  applied  directly  to  ihe  total  area  tributary  at  this  point. 
This  area  is  911  acres,  and  the  factor  of  run-off  is  0.626.  The 
volume  of  run-off,  therefore,  is  1.876  cu.  ft.  per  sec.  per  acre,  as 
before  stated,  or  a  total  of  1 708  cu.  ft.  per  sec.  The  deficiency  in 
Walworth  sewer  as  designed,  therefore,  is  71  cu.  ft.  per  sec.  An- 
other test  may  be  made,  at  a  point  below  Mill  Street,  where  the  total 
area  tributary  is  2  292  acres  and  the  time  element  is  about  46  min. 
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Fig.  1  shows  that  a  rain  of  2  in.  intensity  and  lasting  45  min.  is 
likely  to  occur  about  once  in  10  years.  Since  it  is  observed  by  the 
diagram  that  3-in.  rates  lasting  30  min.  are  also  likely  to  occur,  a 
3-in.  rate  should  be  applied  to  all  the  areas  having  a  time  element  of 
30  min.  or  less,  and  the  2-in.  rate  on  the  Mill  Street  area,  which 
has  a  time  element  of  45  min.  As  a  factor  of  run-off,  0.625  may  be 
used,  as  only  two  small  areas  have  a  factor  of  0.75.  The  area  tribu- 
tary to  a  3-in.  rate,  therefore,  is  1 495  acres,  and  the  area  tributary 
to  a  2-in.  rate  is  797  acres.  The  total  volume  of  run-off  to  be  pro- 
vided for  in  the  sewer  is, 

(1495  X  0.625  X  3)  +  (797  X  0.625  X  2)  =  3  799  cu.  ft, 
or  an  apparent  deficiency  of  411  cu.  ft.  in  carrying  capacity.  How- 
ever, as  this  method  of  treatment  may  be  considered  unreasonable, 
the  2-in.  rate  may  be  applied  to  the  total  area  of  2  292  acres,  in  which 
case  the  total  run-off  is  2  865  cu.  ft.  per  sec.,  or  an  excess  of  523 
cu.  ft.  in  carrying  capacity.  The  actual  carrying  capacity  of  the 
sewer  is  about  intermediate  between  these  two  extreme  determina- 
tions. 

Again,  testing  the  capacity  of  the  sewer  at  Cliff  Street,  where  the 
total  area  is  2  982  acres  and  the  time  element  for  the  whole  area  is 
about  48  min.,  leads  to  the  following  calculations.  The  prevailing 
factor  of  run-off,  without  serious  error,  may  still  be  considered  as 
0.625.  Taking  the  total  area,  as  shown  by  Table  2,  which  has  a 
time  element  of  about  30  min.,  and  applying  to  it  a  3-in.  rate,  and  for 
all  the  area  having  a  time  element  exceeding  35  min.  applying  a 
2-in.  rate,  g^ves  4  831  cu.  ft  per  sec.  as  the  total  nm-off,  or,  as 
shown  by  Table  2,  a  deficiency  of  356  cu.  ft.  per  sec.  in  carrying 
capacity.  If  the  2-in.  intensity  is  applied  over  the  entire  area  of 
2  982  acres  the  total  run-off  is  3  727  cu.  ft,  or  an  excess  of  748  cu.  ft 
per  sec  in  carrying  capacity. 

It  is  possible  that  neither  of  the  two  methods  just  pursued  is 
entirely  correct.  The  probability,  however,  is  that  the  method  giving 
the  larger  discharge  is  the  nearer  correct,  since  the  time  required 
for  the  flood  volume  to  pass  through  13  300  ft.  of  sewer  from  Gordon 
Avenue  to  Cliff  Street  is  only  13  min.,  which  makes  it  possible  for 
the  rain  affecting  one  of  the  smaller  sub-areas  to  be  discharged  into 
the  main  sewer  at  the  time  of  maximum  high  water  produced  by 
the  areas  tributary  and  lying  farther  up  stream. 
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Some  have  contended  that  the  sizes  determined  for  the  Walworth 
sewer  were  exeessiye,  hut,  in  the  light  of  the  rain  records  for  the 
decade  covered  hy  Fig.  1,  taken  in  connection  with  the  fact  that  the 
sewer  must  carry  all  the  flood  waters  ever  occurring  in  the  valley, 
or  subject  the  property  interests  of  the  valley  and  possibly  the 
etmcture  of  the  sewer  itself  to  great  injury  or  destruction,  and  in 
view  of  the  fact  that  the  records  under-estimate  the  frequency  of 
the  most  intense  rains,  as  already  shown,  and  the  further  fact  that 
rains  greater  than  those  occurring  in  any  given  decade  are  likely 
to  occur  every  20  to  40  years,  it  seems  apparent  that  these  objections 
are  not  well  sustained. 

The  inclination  of  Walworth  sewer,  from  0.3  to  0.8%,  is  such 
that  the  velocity  of  flow  is  from  17  to  21  ft.  per  sec.,  and  in  order  to 
withstand  the  force  of  the  water  it  was  necessary  to  have  a  most 
eubertantial  construction.  It  was  thought  possible  to  build  a  sewer 
of  sufficient  stability  and  to  line  it  with  material  having  sufficient 
abrasion  resistance  to  carry  the  water  safely  upon  these  grades.  If 
a  less  maximum  velocity  of  flow  were  determined  upon,  it  would  be 
necessary  to  decrease  the  grade  of  the  sewer  and  to  increase  corre- 
spondingly its  diameter  and  cost.  It  was  believed  by  the  engineers 
of  the  work  that  a  special  burned  shale  brick,  laid  in  Portland- 
cement  mortar  of  the  best  quality,  would  furnish  a  surface  resistance 
sufficient  to  withstand  a  20-ft.  velocity.  The  sewer,  therefore,  is 
designed  to  have  approximately  the  same  inclination  as  that  of 
Walworth  Valley. 

The  increased  carrying  capacity  due  to  a  smooth  lining  is  suf- 
ficient to  warrant  the  care  required  to  obtain  it.  The  coefficient  of 
friction,  n,  in  Kutter's  formula,  0.015,  applies  to  brick  masonry  of 
fairly  good  quality.  It  was  believed  that  it  would  easily  be  possible 
to  give  the  interior  of  the  sewer  a  smoothness  such  that  the  co- 
efficient of  friction  would  not  be  greater  than  about  0.014,  and  this 
coefficient,  therefore,  was  adopted  in  the  calculations.  The  sewers 
are  assumed  to  have  their  maximum  capacity  when  nine-tenths  full, 
which,  for  practical  purposes^  is  sufficiently  near  the  theoretical 
maximum  depth.  The  grade  line  is  calculated  to  be  a  water-plane 
^prade  for  a  sewer  nine-tenths  full,  and  the  inverts  of  sewers  of  the 
larger  sizes  are  depressed  sufficiently  below  the  inverts  of  the  smaller 
connecting  sizes  to  give  a  continuous  water-plane  grade  at  the  nine- 
tenths  point  for  each  sewer. 
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The  depression  in  the  grade  of  the  invert  is  made  in  a  funnel- 
shaped  section,  about  30  ft.  long,  connecting  the  two  sewers.  The 
drop  in  any  given  case,  therefore,  is  nine-tenths  of  the  difference  in 
diameters  of  the  two  sewers,  and  the  invert  grade  of  the  sewer  is  the 
same  as  the  water-plane  grade  for  the  sewer  flowing  nine-tenths  f uIL 
The  water-plane  grade  for  any  less  depth  is  also  the  same,  except 
for  a  short  distance  at  the  up-stream  and  down-stream  ends  of  a 
given  section.  The  various  diameters  were  determined  by  using* 
the  volume  given  in  Column  11  of  Table  2,  with  a  friction  co- 
efficient of  0.014. 

The  diameter  of  the  sewer  being  determined,  its  external  form 
and  the  thickness  of  the  masonry  would  depend  upon  the  topography 
of  the  valley  and  the  character  of  the  material  in  which  the  excava- 
tion was  to  be  made.    It  was  apparent  that  if  Walworth  Street  were 
opened  as  a  public  highway,  it  would  be  necessary  to  establish  the 
street  grade  several  feet  above  the  extreme  bottom  of  the  valley  in 
order  to  make  proper  connections  with  intersecting  streets.    It  was 
further  desirable  to  give  the  street  such  an  elevation  that  the  base- 
ments of  business  houses  fronting  thereon  would  not  have  to  be 
excavated  below  the  bottom  of  the  present  valley.     In  general,  there- 
fore, the  grade  of  Walworth  Street  will  be  practically  on  a  level 
with  the  first  floor  of  buildings  fronting  thereon.    As  a  conaequenoe, 
the  sewer  is  constructed  in  a  shallow  cutting,  making  the  invert  or 
flow  line  only,  deep  enough  to  drain  the  lowest  part  of  the  depression. 
For  much  of  its  length,  therefore,  at  least  one-half  the  diameter  of 
the  sewer  is  above  the  natural  surface  of  the  ground.    This  fact,, 
together  with  its  great  size  and  the  yielding  character  of  the  clay 
upon  which  the  masonry  rests,  made  it  necessary  to  have  a  substan- 
tial reinforced  section. 

The  greater  part  of  the  sewer  foundation  rests  upon  a  heavy  bed 
of  plastic  blue  clay.  Two  direct  tests  were  made  to  determine  its 
supporting  power,  one  being  made  near  ClifF  Street  and  the  other 
in  Walworth  Street  west  of  Scran  ton  Avenue.  In  each  case  a  pit 
was  sunk  to  the  desired  depth.  A  12  by  12-in.  timber,  sufficiently 
long  to  reach  several  feet  above  the  level  of  the  surface,  was  en- 
cased in  plank  boxing  fitting  closely  about  the  timber,  but  not 
so  close  as  to  cause  the  post  to  bind  in  the  casing.  Each 
post  and  its  boxing  was  set  vertically  in  the  pit,  with  the  squared 
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bottom  of  the  post,  resting  upon  the  soil,  the  resistance  of 
which  was  to  be  determined.  The  earth  was  then  filled  in  around 
the  casing  until  the  original  surface  of  the  ground  was  restored. 
The  post  was  aUowed  to  stand  without  loading  until  the  ground 
had  had  some  time  to  settle.  Cross-anns  were  spiked  to  the 
upper  end  of  each  post  and  each  was  then  loaded  with  different  quan- 
tities of  pig  iron  and  left  standing  for  various  periods,  observations 
of  the  sinking  of  the  post  being  made  from  fixed  bench-marks  with 
a  wye-level.  The  behavior  of  these  jwsts,  under  various  loads  per 
square  foot  and  by  various  changes  from  light  to  heavy  loads,  is 
shown  by  the  full  and  dotted  lines  in  the  diagram,  Fig.  2. 

The  general  conclusion  derived  from  these  tests,  taken  with  the 
unit  loads  upon  similar  soils  supporting  various  bridges  and  viaducts 
in  the  vicinity,  indicated  that  not  more  than  2  tons  per  sq.  ft.  could 
be  applied  to  the  clay  without  danger  of  serious  settlement. 

Various  horse-shoe-shaped  sewers  with  sewage  channels  in  the 
central  portion  of  the  bottom  were  considered,  and,  while  it  was 
found  that  some  money  could  be  saved  by  adopting  such  a  section 
for  the  larger  sizes,  it  was  deemed  expedient  to  build  a  circular 
sewer  on  accoimt  of  the  excessively  filthy  nature  of  the  flow  and  the 
danger  of  filth  stranding  upon  the  bottom. 

Because  much  of  the  sewer  was  to  be  above  ihb  natural  surface 
of  the  valley,  and  also  because  the  surface  soil  had  very  little  resist- 
ing power,  only  active  earth  pressure  or  earth  thrust  was  considered 
in  computing  the  lines  of  resistance  in  the  several  arches.  For  the 
most  part,  the  grade  of  the  finished  street  will  be  about  3  ft.  above 
the  crown  of  the  sewer,  and,  since  g^^eater  depth  in  most  cases  will 
increase  rather  than  decrease  the  stability  of  the  structure,  the 
arches  were  calculated  for  earth  3  ft.  above  the  crown  of  the  sewer. 
The  vertical  pressure  of  the  earth  was  assumed  to  be  100  lb.  per 
cu.  ft.,  and  the  horizontal  active  earth  pressure  equivalent  to  that  of 
a  fluid  weighing  16  lb.  per  cu.  ft.  This  value  is  about  one-half  of 
the  theoretical  horizontal  earth  pressure  for  earth  having  a  natural 
slope  of  li  horizontal  to  1  vertical,  but  experience  has  shown  that 
the  horizontal  thrust  of  freshly  made  fill  is  not  greater,  and  is  often 
less,  than  one-half  of  the  ultimate  theoretical  thrust.  The  masonry 
of  the  sewer  would  be  subjected  to  the  vertical  loading  of  earth  be- 
fore it  had  acquired  its  final  horizontal  pressure,  therefore  these 
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values  were  taken  to  provide  for  the  worst  possible  conditions.  The 
line  of  resistance  in  sewers  varying  in  diameter  from  6  ft.  to  16  ft. 
9  in.  was  calculated  for  arches  of  various  depths  of  key  and  hori- 
zontal thickness  of  arch.  Calculations  were  made  for  two  different 
cases,  one  for  the  sewer  nine-tenths  full  of  water,  the  other  for  the 
sewer  empty.  Several  cases  were  calculated,  in  order  to  determine 
the  thickness  of  arch  required  to  keep  the  line  of  resistance  inside 
the  middle  third  for  both  cases.  The  depth  of  key  was  determined 
somewhat  arbitrarily,  yet  was  made  to  conform  in  general  with 
actual  arches  and  with  the  usual  rules.  Inasmuch  as  it  is  probable 
that  not  many  years  will  elapse  before  a  street  car  line  will  be  con- 
structed along  Walworth  Street,  in  order  to  provide  against  the 
vibrations  in  such  a  case  and  its  destructive  effect  upon  masonry 
near  the  surface,  one  ring  of  brickwork  was  added  to  the  depth  of 
key  as  above  indicated.  From  the  numerous  cases  in  which  the 
strains  were  actually  calculated,  the  following  simple  empirical  for- 
mula was  obtained  for  the  horizontal  thickness  of  the  sewer  arch  on 
a  level  with  the  center  of  the  sewer. 

Let  D  =  the  diameter  of  the  sewer,  in  feet; 

Let  T  =  the  required  thickness  of  the   arch   on  a  level  with  the 
center  of  the  sewer,  in  feet; 
D 


then  T  = 


?    +  2.572 
14 


The  crown  thickness,  or  depth  of  key,  is  fixed  arbitrarily  accord- 
ing to  the  conditions  in  a  given  case,  and  when  the  depth  of  key  is 
thus  fixed  and  the  thickness  at  the  springing  line  is  determined  by 
the  formula,  the  required  thickness  at  any  other  portion  of  the  arch 
is  determined  by  drawing  the  arc  of  a  circle  through  these  two 
points,  this  arc  having  its  center  directly  below  the  center  of  the 
sewer.  As  thus  determined,  the  line  of  resistance  remains  within 
the  middle  third  of  the  arch  ring,  and  the  maximum  pressures  per 
square  foot  at  the  springing  line  for  sewers  of  various  diameters  are 
approximately  as  follows: 

8    ft  diameter,  about  3  800  lb. 

18i   "         «  «      4200  " 

16     "  "  "      4  600   " 

16}   "  "  "      4  700   " 


432  THE  WALWORTH  SEW'EK,  CLEVELAND,  OHIO.  [Paper*. 

Below  the  springing  line  the  wall  is  given  a  batter  of  1  hori- 
ix>ntal  to  4  verticaL  The  line  of  resistance  then  follows  down  to 
the  earth  nearly  parallel  to  the  outer  face  of  the  wall,  and  the  mazi- 
mum  load  upon  the  soil  will  be  about  2  tons  per  sq.  ft. 

The  foregoing  method  of  determining  the  form  of  the  extrados 
produces  an  arch  increasing  in  thickness  gradually^  from  the  key  to 
the  springing  line.  It  is  customary  in  building  large  sewer  arches 
to  increase  the  thickness  of  the  arch  in  passing  from  the  crown  to 
the  springing  line  abruptly,  by  the  addition  of  4}-in.  rings  of  brick- 
work. With  this  form  of  construction  the  bricks  of  the  arch  are 
usually  arranged  in  concentric  rowlock  rings,  occasionally  tied  by 
header  courses.  In  the  present  instance  it  was  desired  to  give  the 
arch  greater  strength  than  would  be  obtained  by  rowlock  construc- 
tion, and  it  was  desired,  also,  that  the  extrados  of  the  arch  should 
present  a  uniform  continuous  surface  for  better  drainage  and  in 
order  that  the  pressure  of  the  earth  might  be  exerted  more  nearly 
radial  to  the  arch.  It  was  decided,  therefore,  to  make  the  actual 
arch  conform  to  the  extrados,  as  above  described;  and,  in  order  to 
do  so,  a  considerable  amount  of  brick  cutting  became  necessary. 
The  extrados  surface  was  then  plastered  with  a  heavy  coating  of 
Portland-cement  mortar,  giving  the  arch  a  smooth,  continuous 
exterior. 

For  greater  strength,  the  bricks  composing  the  arch  were  ar- 
ranged in  alternate  headers  and  stretchers  in  Flemish  bond,  and,  in 
order  to  avoid  excessively  thick  mortar  joints,  as  would  be  the  case 
were  the  joints  to  continue  radially  from  intrados  to  extrados,  the 
masonry  was  broken  up  into  cylindrical  rings,  as  illustrated  in  cross- 
section  in  Fig.  1,  Plate  LXX.  The  entire  arch  was  also  cut  into  a 
certain  number  of  segments  separated  by  radial  planes.  The  bricks 
composing  each  segment  included  between  these  radial  planes  were 
laid  up  in  rings,  the  inner  and  outer  faces  of  which  are  parallel 
with  the  inner  surface  of  the  completed  sewer.  The  radial  distances 
between  these  parallel  cylindrical  surfaces  are  either  9,  13,  or  17  in. 
The  number  of  courses  required  to  build  one  of  these  cylindrical 
rings  for  any  particular  segment  is  one  more  than  the  number  con- 
tained in  the  next  inner  ring,  and  one  less  than  the  number  con- 
tained in  the  next  outer  ring.  By  this  means  mortar  joints  of 
ordinary  thickness  are  obtained  in  all  portions  of  the  arch,  even  to 
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Apparently^  this  lequirement  wonld  increase  the  cost  of  the 
masonry  of  the  nrch,  bat  it  was  found  by  experience  that  as  soon  as 
the  masons  became  familiar  with  the  method  of  construction  they 
placed  in  the  wall  nearly  as  many  bricks  per  day  as  in  a  straight 
wall  laid  in  English  bond.  Fig.  3  shows  the  arrangement  of  the 
Flemish  bond  in  9,  13  and  17-in.  rings,  respectirely. 

The  earth  supporting  the  sewer  being  in  general  a  plastic  blue 
clay  containing  considerable  water,  the  sewer  is  built  upon  an  oak 
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plank  grillage.    Lines  of  3  by  12-in.  oak  sleepers,  longitudinal  to  tiie      NU 
sewer  and  separated  not  more  than  4  ft.  from  center  to  center,  are 
bedded  in  the  clay,  and  upon  them  is  spiked  a  tight  flooring  of  3-in. 
oak  plank  laid  transversely  to  the  sewer. 

For  economy,  the  entire  lower  portion  of  the  sewer  is  built  of      ._ 
natural-cement  concrete.    The  height  on  each  side  to  which  the 
concrete  is  carried  is  such  as  can  be  put  in  place  conveniently  be- 
tween suitable  forms,  and  the  top  of  the  concrete  is  brought  to  a 
plane  parallel  to  the  axis  of  the  sewer,  inclining  downward  and  in- 
ward at  a  rate  of  4  horizontal  to  1  vertical.    The  minimum  thick-         'a 
ness  of  concrete  under  the  two  rings  of  lining  brick  of  the  invert  is 
1.5  ft.  for  sewers  from  8  ft.  to  14  ft.  9  in.  in  diameter,  inclusive, 
and  2  ft.  for  larger  sizes.    The  side  walls,  composed  of  bricks  laid 
in  English  bond  in  natural-cement  mortar,  are  carried  upward  from 
the  concrete  with  the  courses  pitching  inward  parallel  to  the  upper       "^^ 
surface  of  the  concrete.    The  tops  of  the  side  walls  are  brought  to 
the  planes  which  sloi>e  inward  and  downward  at  a  rate  of  4  horizontal 
to  1  vertical,  which  contain  the  axis  of  the  sewer.    From  these 
planes  the  masonry  of  the  arch  springs. 

Inside  of  the  foundation  concrete,  the  invert  of  the  sewer,  and 
up  to  the  top  of  the  concrete,  is  composed  of  two  rowlock  rings  of 
brick  laid  in  Portland-cement  mortar.    Two  rings  are  used  in  order 
to  produce  a  smoother  and  more  uniform  inner  surface  than  could 
be  obtained  by  the  use  of  only  one.    The  lining  for  the  side  walls, 
above  the  concrete  and  below  the  arch,  consists  of  one  thickness  of 
brick  laid  in  Portland-cement  mortar,  the  cylindrical  inner  surfaces 
of  the  brick  being  roughly  beveled  to  conform  to  the  outer  surface       /> 
of  this  ring  of  brickwork.    The  bricks  forming  the  inner  surface  of       — 
the  sewer  are  side-cut  shale  brick,  burned  especially  hard  for  the       '^ 
purpose,  the  requirement  being  an  absorption  of  not  more  than 
2  per  cent.     This  produces  a  harder  brick  than  that  required  for 
brick  pavement.    It  is  more  highly  vitrified,  and  consequently  too 
brittle  to  stand  the  abrasion  of  a  street  surface.    Its  brittleness, 
however,  is  not  detrimental  to  its  use  in  a  sewer,  and  the  increased 
hardness  caused  by  excessive  vitrifaction  produces  a  more  resisting 
surface  in  a  sewer  than  would  be  obtained  by  ordinary  paving  brick. 
Several  typical  sections  are  shown  on  Plate  LXVIII. 
On  account  of  the  great  difference  in  size  between  the  main 
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sewer  and  the  connecting  lateral  sewers,  it  has  not  heen  necessary  to 
use  bell-chambered  junctions.  The  largest  junction  is  at  Mill 
Street,  where  an  8-ft.  branch  connects  with  a  16-ft.  sewer,  and  in 
this  case,  as  well  as  in  the  cases  of  smaller  laterals,  a  reinforced, 
groined-arch  junction  was  preferred.  In  each  case  where  a  lateral 
connects  with  a  main  sewer,  the  foundation  masonry  of  both  the 
lateral  and  the  main  sewer  is  built  up  continuously  as  far  as  the 
side  of  the  ditch  of  the  main  sewer.  Any  possibility  of  the  masonry 
of  the  lateral  breaking  loose  from  that  of  the  main  sewer  at  the  line 
of  junction  is  thus  avoided.  The  junctions  connect  with  the  main 
sewer  at  a  uniform  angle  of  30^,  and  the  bricks  at  the  line  of  inter- 
section are  carefully  mitered  for  the  lower  half  of  the  curve.  The 
mitered  junction  is  carried  above  the  center  in  ordinary  cases  to 
about  45°,  and  above  this  the  brick  rings  of  the  lateral  are  brought 
through  flush  with  the  inner  face  of  the  completed  main  sewer,  and 
beveled  to  make  a  smooth  junction. 

The  manner  of  placing  the  manholes  upon  the  main  sewer  is 
important.  The  walls  of  each  manhole  are  circular,  and  42  in.  in 
diameter  at  the  base.  They  form  a  vertical  cylinder  extending  up- 
ward to  a  level  with  the  back  of  the  sewer,  above  which  level  they 
taper  gradually  to  a  diameter  of  32  in.  at  the  top,  where  they  are 
surmounted  by  a  cast-iron  rim  and  grated  cover  weighing  about 
800  lb.,  the  cover  being  32  in.  in  diameter.  The  42-in.  cylinder 
forming  the  lower  portion  of  the  manhole  rests  directly  upon  the 
aroh  masonry,  and  is  placed  so  that  the  lower  side  of  the  inter- 
section of  the  interior  of  this  cylinder  and  the  interior  surface  of 
the  main  sewer  is  at  an  elevation  eight-tenths  of  the  diameter  of  the 
main  sewer  above  the  invert.  This  avoids  any  obstruction  to  the 
smooth  flow  of  water  in  the  main  sewer  in  all  cases  except  the 
most  extraordinary  flood,  and  then  the  interference  caused  by  the 
manhole  oi>ening  would  be  slight.  Eound  ladder  irons,  }  in.  in  di- 
ameter, spaced  16  in.  apart,  are  built  into  the  side  of  the  manhole, 
and  continue  downward  along  the  inside  of  the  main  sewer  to  within 
3  ft  of  the  bottom. 

All  changes  in  direction  in  the  main  sewer  are  made  with  as 
easy  curves  as  possible.  At  the  intersection  of  Walworth  and 
Guernsey  Streets,  where  the  deflection  is  about  90®,  two  lots  were 
purchased,  and  the  sewer  was  built  on  a  curve  of  164  ft.  radius. 
The  sewer  at  this  point  is  shown  by  Fig.  1,  Plate  LXIX. 
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For  private  connections,  8-in.  slants  are  built  through  the  side 
walk  every  30  ft.  on  either  side  at  about  the  level  of  the  center  of 
the  sewer.  At  numerous  places  along  the  line  of  the  sewer  and  at 
oil  street  intersections,  12-in.  slants  are  built  in  the  walls  to  furnish 
inlets  for  various  drainage  and  catch-basin  waters. 

The  catch-basin  slants  are  usually  set  somewhat  higher  than  those 
for  private  connections,  and  all  slants  are  capped  and  cemented  in 
the  usual  manner.  In  some  cases,  as  at  Pearl  Street,  Willey  Street 
and  Brevier  Street,  the  lateral  sewers  consist  of  5-ft.  cast-iron  pipes. 
These  pipes  are  connected  with  the  main  sewer  by  building  .an 
ordinary  brick-groined  junction  and  enclosing  the  end  of  the  iron 
pipe  with  a  suitable  collar  of  brick  masonry. 

Storm-Water  Overflow. 

At  a  point  about  400  ft.  east  of  Ehodes  Avenue,  at  the  inter- 
section of  Barber  and  Walworth  Streets,  Walworth  sewer  passes 
below  the  water-plane  elevation  established  for  the  high-level  inter- 
cepting sewers.  This  is  the  point  fixed  for  the  upper  terminal  of 
the  ''South  Side"  branch  of  the  intercepting  system.  It  became 
necessary,  therefore,  to  separate  the  excess  of  storm  waters  from 
the  ordinary  sewage  flow,  and,  for  this  purpose,  a  suitable  diversion 
structure  was  built.  The  problems  involved  in  its  design  were 
similar  to  those  which  had  been  solved  for  a  considerable  number 
of  large  overflow  chambers  in  the  city,  but  in  no  other  place  upon 
such  magnitude.  The  main  sewer  entering  the  chamber -is  14  ft 
11  in.  in  diameter,  with  a  maximum  calculated  flow  of  2  500  cu.  ft 
per  sec.  The  calculated  maximum  flow  of  dry-weather  sewage  is 
about  30  cu.  ft.  per  sec.  The  intercepting  sewers  are  designed  to 
carry  the  dry-weather  flow  and  an  equal  volume  of  storm  water,  in 
order  to  provide  for  the  interception  of  the  foul,  first  flow  from  the 
streets.  The  required  carrying  capacity  of  the  intercepting  sewer 
at  this  point,  therefore,  is  about  60  cu.  ft.  per  sec.  The  problem 
was  to  design  a  structure  which  would  always  divert  60  cu.  ft.  per 
sec.  before  any  storm  water  was  discharged  to  the  main  outlet,  and 
one  also  that  would  not  divert  more  than  60  cu.  ft.  per  sec,  under  any 
condition  of  storm  flow  in  the  main  sewer.  The  diversion  is  based 
upon  the  weir  principle,  and,  on  account  of  its  unusual  dimensions. 
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it  will  probably  be  of  interest  to  explain  the  method  adopted  in 
solving  the  problem. 

From  experience  with  smaller  storm-water  overflows,  it  was 
evident  that  a  weir  of  considerable  length  was  needed  in  order  to 
accomplish  the  object  effectually,  and  it  was  the  failure  of  the  older 
structures,  in  this  particular,  which  led  to  the  following  theoretical 
investigation. 

Suppose  one  side  of  the  sewer  to  be  cut  away  and  converted  into 
an  overflow  weir  such  that  the  flow  of  the  volume  of  water  below 
the  level  of  this  weir  is  not  obstructed,  but  that  all  the  water  above 
its  level  can  discharge  sideways  over  the  weir.  With  a  given  depth 
upon  the  upper  end  of  the  weir  the  water  will  tend  to  be  discharged 
sideways  according  to  the  ordinary  weir  formula.  There  is,  how- 
ever, the  forward  velocity  of  the  water  in  the  sewer  behind  the  weir 
to  be  considered.  In  the  flrst  unit  of  length  a  given  quantity  of 
water  per  second  will  be  discharged,  thereby  reducing  the  head  upon 
the  weir  in  the  second  unit  of  length ;  this  reduction  of  head  in  the 
second  unit  of  length,  caused  by  the  water  discharged  in  the  first 
unit  of  length,  will  make  the  rate  of  overflow  in  the  second  unit  less 
per  second  than  it  was  in  the  flrst.  In  a  similar  manner  each  suc- 
ceeding unit  of  length  of  weir  will  discharge  a  less  volume  than  the 
preceding  unit,  owing  to  the  continual  reduction  of  head  as  the 
water  moves  forward  in  ihe  sewer.  The  forward  velocity  in  the 
sewer  tends  also  to  slacken,  due  to  the  lessening  volume  carried. 
An  analysis  of  the  problem  shows  that,  theoretically,  a  weir  would 
have  to  be  of  infinite  length  in  order  to  reduce  the  water  to  the 
level  of  the  crest  of  the  weir;  therefore  it  is  not  attempted  to  dis- 
charge all  the  water  above  the  level  of  the  weir,  but  to  reduce  the 
bead  upon  the  weir  to  some  small  amount.  The  problem  involved 
may  be  stated  as  follows : 

Let  Fig.  4  represent  the  cross-section  of  the  overflow  chamber  at 
the  upper  end  of  the  weir,  at  the  point  where  the  water  emerges  from 
the  sewer. 

Let  X  and  Y  represent  the  axes  of  co-ordinates,  with  the  origin 
in  the  axis  of  the  sewer.  Consider  this  section  to  represent  a  unit 
length  of  sewer. 

Let  A  be  the  crest  of  the  weir,  and  let  a  +  y  be  the  depth  of 
water  over  the  weir. 
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Let  the  radius  of  the  sewer  equal  r. 

The  coordinates  of  the  weir^  therefore,  are  x  =  x^^  and  y  =  —  a. 

How  long  will  it  require  for  the  water  flowing  over  the  weir  to 
reduce  the  head  of  water  on  the  weir  from  a  -\-  y  to  any  given  lesser 
head? 
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Let  d  Q  equal  the  volume  of  water  discharge  for  a  reduction  of 
head,  d  y,  and  let  d  t  equal  the  time  required  for  the  discharge  of  the 
quantity,  d  Q.    We  then  have  the  equations : 

dQ  =  2x  dy  =  2  y/  ^2 ^a  d  y. 

For  the  head,  a  -\-  y^  the  rate  of  discharge,  g,  equals  approximately 

3.33  (a  +  y)*' 

then  dQ  =  qdt  =  3.33  (a  +  y)i  d  t, 

therefore, 

0.6  -/  r»  —  ya 

d  t  =  — - — 7 — "8 d  y, 

(a  +  y)t 

Integrating  between  the  limits,  y^  and  2^29  f^^  ^^Y  ^^  heads  upon 

the  weir,  gives  the  time  required  to  reduce  the  head  from  ^j  to  y,. 
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It  has  not  been  possible,  however,  to  integrate  this  equation,  and, 
therefore,  it  has  been  necessary  to  make  use  of  it  in  the  approxima- 
tion form  : 


^-gr0-6v/(r«-y») 


y)i 


J  ya 


Obtaining  the  A  t  for  successive  differences  in  head,  A  y,  between 
the  limits,  y^  and  y^,  and  taking  the  sum  of  all  these  A  ^'s,  will  give 
the  approximate  time,  t,  required. 

This  being  a  tediouB  process,  an  approximation  can  be  made  by 
reducing  the  circular  sewer  to  a  rectangular  one  of  the  same  average 
width.    In  this  case,  let  Fig.  5  represent  the  cross-section  of  the 


/^M"'';:'^'  -^M'r/^^^^V'. 


Fio.  6. 

rectangular  sewer,  with  the  weir  at  A,  and  with  an  initial  depth  of 
water,  y,  over  the  weir.  Let  the  width  of  channel,  w,  equal  the  aver- 
age width  of  the  circular  sewer,  shown  in  Fig.  4,  to  the  left  of  the 
weir,  A.  In  this  case  the  water  overhanging  the  weir  on  the  right 
is  assumed  to  fall  away  by  the  force  of  gravity  without  interfering 
with  the  weir  discharge  of  the  water  over  and  back  of  the  weir.  In 
this  case,  then,  we  have 

q   =  the  rate  of  discharge  for  the  head,  y  =  3.33  yi;  and 

Q  =:  the  total  quantity  discharged. 

For  an  infinitesimal  reduction  in  head,  d  y^  we  have 

d  Q  =  wdy  =  qdt=z  3.33  y^  d  t, 


therefore  d  t  =^ 


to        — 


'dy. 


3.33  ^ 

Integrating  between  the  limiting  heads,  y^  and  y^,  gives 
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t=     — 


1.67 


y 


440  THE  WALWORTH  SEWER,  CLEVELAND,  OHIO.  [Papers. 

If  y^  =  0,  i  =  oc  ,  which  shows,  as  before  stated,  that  theoretically 
it  would  require  a  weir  of  infinite  length  to  reduce  the  water  to  a  zero 
head.  The  last  formula  is  simply  and  easily  applied,  and  does  not 
give  results  varying  greatly  from  those  obtained  from  the  differential 
equation  for  the  circular  sewer. 

If  the  velocity  in  the  sewer  were  constant  while  flowing  the 
length  of  the  weir,  and  if  all  the  filaments  in  the  entire  cross- 
section  had  the  same  velocity,  the  foregoing  equations  would  give 
the  time  required  to  reduce  the  level  of  the  water  from  one  stage  to 
another,  and  this  time  multiplied  by  the  velocity  of  flow  in  the 
sewer  behind  the  weir  would  give  the  length  of  weir  required.  These 
ideal  conditions,  however,  are  not  obtained  in  practice.  The  velocity 
in  the  sewer  is  gradually  retarded  as  the  head  becomes  less,  and, 
consequently,  the  sill  must  be  lengthened  somewhat  in  order  to  per- 
form the  same  amount  of  work. 

At  the  point  where  the  overflow  chamber  would  be  constructed, 
the  center  line  of  the  main  sewer  is  11  ft.  north  of  the  center  line  of 
Walworth  Street,  in  order  to  avoid  cutting  so  heavily  into  the  side 
hill  a  short  distance  up  stream  therefrom.  In  consequence  of  this 
fact,  the  upper  end  of  the  overflow  chamber  could  not  be  made  of  as 
grreat  width  as  would  otherwise  have  been  done.  By  taking  advan- 
tage of  the  angle  of  intersection  between  Barber  and  Walworth 
Streets,  a  curved  weir  could  be  constructed  which  would  facilitate 
the  overflow  of  the  storm  water.  By  referring  to  the  completed 
design,  Plates  LXXI  and  LXXTT,  it  will  be  seen  that  the  dry- 
weather  channel  was  built  upon  a  curve  gradually  decreasing  in 
width  and  size  as  it  passes  from  the  14  ft.  9-in.  sewer  to  the  5-ft. 
interceptor. 

In  order  to  avoid  back-water  for  partial  depths  of  flow,  a  num- 
ber of  calculations  were  made  with  varying  depths  of  flow  in  the 
main  sewer.  As  a  result  of  a  large  number  of  these  calculations  for 
assumed  relative  elevations  of  inverts  of  main  and  intercepting 
sewers  and  of  varying  volumes  of  flow,  the  following  conclusions 
for  regulating  the  design  of  the  overflow  chamber  were  obtained : 

Since  it  was  not  desirable  to  allow  the  velocity  in  the  main 
sewer  above  the  overflow  chamber  to  be  reduced  below  about  2.60  ft, 
per  sec,  it  was  necessary  to  make  a  drop  of  at  least  1.50  ft.  in  pass- 
ing from  the  invert  of  the  14  ft.  9-in.  sewer  to  the  invert  of  the  6- 
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ft.  sewer.  With  this  drop,  the  minimum  velocity  in  the  main  sewer 
will  be  about  2.50  ft.  per  sec,  when  60  cu.  ft  per  sec.  are  flowing. 
For  a  less  quantity  than  60  cu.  ft.  per  sec.  there  will  be  an  acceler^ 
ation  in  the  velocity  above  the  junction  for  any  small  volumes  of 
flow,  and  for  no  quantity  less  than  60  cu.  ft.  per  sec.  will  the  effect 
of  back-water  reduce  the  velocity  to  less  than  2.60  ft.  per  sec.  For 
volumes  greater  than  60  cu.  ft.  per  sec.  the  sill  of  the  overflow  must 
be  long  enough  to  take  out  all  but  60  cu.  fti  per  sec.,  which  will  re- 
main in  the  sewer  to  be  carried  off  by  the  interceptor.  For  the  maxi- 
mum discharge  of  2  500  cu.  ft.  per  sec.  for  a  14  ft.  9-in.  sewer  there 
will  be  no  back-water  effect.  Hence  the  14  ft.  9-in.  sewer  will  flow 
unobstructed  when  nine-tenths  full. 

The  elevation  of  the  up-stream  end  of  the  weir,  therefore,  was 
placed  2.70  ft.  above  the  invert  of  the  14  ft.  9-in.  sewer,  and  is  car- 
ried to  an  elevation  of  4.50  ft.  above  the  invert  of  the  6-ft.  inter- 
ceptor after  the  invert  of  the  interceptor  has  been  flxed  at  a  proper 
elevation  as  above  determined.  The  grade  of  the  crest  of  the  weir 
is  0.3  ft.  per  100  ft.  The  form  of  cross-section  of  the  dry-weather 
channel  at  the  upper  end  begins  as  the  segment  of  the  14  ft.  9-in. 
sewer,  and,  in  passing  down  stream  to  the  5-ft.  interceptor,  gradually 
changes  to  the  section  of  the  6-ft.  sewer  with  the  crest  of  the  over- 
flow sill  mne-tenths  of  the  diameter  of  the  sewer  above  the  invert. 
In  order  to  avoid  any  back-water  effect  from  the  storm  water  over- 
flowed, it  is  necessary  that  the  weir  should  never  act  as  a  submerged 
weir.  That  is  to  say,  the  surface  of  the  storm  water  in  the  overflow 
channel  must  always  be  lower  than  the  crest  of  the  weir.  In  order 
to  effect  this  arrangement  it  was  necessary  to  build  about  2  000  ft 
of  14  ft.  9-in.  sewer  above  the  overflow  chamber  upon  a  grade  of 
0.30  ft.  per  100  ft.  The  storm-water  branch  below  the  overflow 
chamber  was  given  a  drop  of  about  12  ft.  below  the  level  of  the  sill 
and  was  carried  down  the  valley  on  a  grade  of  0.60  ft.  per  100  ft. 
The  overflow  branch,  therefore,  was  made  13  ft.  6  in.  in  diameter. 

The  overflow  channel  within  the  chamber,  on  account  of  the  lim- 
iting width  of  the  street,  was  made  but  3  ft.  wide  at  the  upper  end  of 
the  sill,  and  was  carried  down  stream  with  the  outer  foundations  of 
the  sewer  along  the  northerly  line  of  Walworth  Street,  whereas  the 
overflow  sill  and  dry-weather  channel  gradually  curved  around  to  the 
southward,  thus  giving  an  increasing  width  to  the  storm  overflow 
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channel.  The  grade  of  the  invert  for  this  portion  of  the  channel 
was  made  to  follow  a  vertical  curve  which  was  steepest  at  the  up- 
stream end  and  gradually  flattened  until  it  became  tangent  to  a 
0.5%  grade  at  the  lower  end  of  the  chamber.  The  water  overflowed 
in  this  manner  is  discharged  into  the  13  ft.  6-in.  storm  outlet  with  a 
minimum  amount  of  agitation. 

With  the  large  volume  and  velocity  of  the  inflow  it  would  not  be 
permissible  to  construct  colunms  rising  from  the  overflow  sill  ix> 
support  the  arch.  An  unobstructed  weir  from  end  to  end  being  neces- 
sary, the  chamber  is  spanned  with  a  single  arch  for  about  the  upper 
half  of  its  length.  For  the  lower  half,  the  arches  for  the  storm  over- 
flow channel  and  the  branch  leading  to  the  intercepting  sewer  meet  in 
a  large  groin.  The  groin  was  designed  as  a  strong  rib  of  shale-brick 
masonry,  bonded  and  interlocked  with  each  of  the  arches  which  it 
supports,  and  keyed  at  its  highest  point  with  the  highest  point  of  the 
arch  which  spans  the  entire  chamber. 

On  account  of  the  foundations  resting  upon  soft  day,  it  was 
deemed  necessary  to  extend  the  masonry  of  the  sewage  channel 
down  to  a  level  with  that  of  the  storm  overflow  branch,  and  the 
foundation  for  the  arch  rib  was  brought  to  the  same  level  and  made 
continuous  therewith.  Plates  LXXTT  and  LXXIII  show  the  plan 
and  several  cross-sections  of  the  chamber  as  it  was  designed.  As 
wiU  be  mentioned  later,  in  constructing  the  chamber,  owing  to  un- 
stable earth  encountered,  the  excavations  of  the  upper  end  were 
carried  down  to  a  level  with  those  of  the  storm  outlet  and  filled  in 
solid  from  side  to  side  with  natural-cement  concrete,  thus  mftlriTig 
at  the  upper  end  about  10  ft.  extra  thickness  of  concrete  foundation. 

Abbey  Street  Viaduct  Support. 

Just  west  of  Scranton  Avenue,  the  sewer  passes  omder  the  Abbey 
Street  viaduct,  a  steel  structure,  the  full  width  of  the  street,  sup- 
ported on  steel  trestlework.  The  roadway  is  about  98  ft.  above  the 
grade  of  the  sewer,  and  the  foundations  are  stone  masonry  pedestals. 
As  it  was  not  possible  to  avoid  encountering  one  or  more  of  these, 
it  was  necessary  to  provide  some  other  means  of  support  for  the 
viaduct.  The  sewer  was  located  so  as  to  encounter  only  two  pedes- 
tals.   In  one  case,  the  center  of  the  pedestal  was  only  1.15  ft.  to  one 
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side  of  the  center  of  the  sewer.  In  the  other  case  the  pedestal  pro- 
jected about  3  ft.  inside  the  outer  limits  of  the  foundations,  and  it 
could  be  partially  embedded  in  the  masonry  of  the  sewer  foundation. 
For  supporting  the  steel  column  resting  upon  the  other  pier,  only 
two  ways  seemed  feasible:  either  to  strengthen  the  sewer  walls  suf- 
ficiently to  carry  the  weight  directly  upon  the  sewer,  or  to  build  two 
piers,  one  on  either  side  of  the  sewer,  upon  which  would  rest  a 
suitable  steel  girder  for  carrying  the  column.  The  two  methods 
were  carefully  compared,  and,  while  it  was  found  that  two  auxiliary 
piers  with  a  connecting  steel  girder  could  be  built  for  perhaps  $1 000 
less  than  an  all-masonry  structure,  the  latter  method  seemed  to  be 
preferable.  Supporting  the  column  upon  a  reinforced  section  of 
sewer  secured  a  permanency  not  obtained  by  a  metal  structure. 
By  resting  the  column  directly  upon  the  sewer,  it  was  possible  to  re- 
place the  upper  courses  of  the  pedestal  masonry,  including  the  cap- 
stone, so  that  when  the  structure  was  completed  and  the  earth 
brought  to  the  required  gradd  the  visible  portion  of  the  masonry 
foundations  of  the  viaduct  were  unaltered  in  appearance. 

The  problem  was  to  support  a  dead  load  from  the  column  of 
about  84  000  lb.  and  a  calculated  live  load  of  about  126  000  lb.  upon 
the  arch,  and  yet  retain  the  line  of  resistance  safely  within  the  outer 
face  of  the  walls  at  a  time  when  the  sewer  was  assimied  to  be  nine- 
tenths  full  of  water.  The  pressure  upon  the  clay  foundations,  more- 
over, could  not  be  increased  to  more  than  the  specified  limit  of  2  tons 
per  sq.  ft.  It  was  found  that  these  conditions  could  not  be  complied 
with  by  adding  a  simple  girdle  of  masonry  outside  of  the  normal  sec- 
tion of  sewer  masonry,  and  it  became  necessary  to  distribute  the 
load  over  a  width  of  about  40  ft.  and  a  length,  longitudinal  with  the 
sewer,  of  about  42  ft.  The  girdle  of  masonry  at  the  top  of  the  arch 
was  made  about  12  ft.  long,  and  the  thickness  of  the  key  was  in- 
creased to  4  ft.  for  this  length.  About  6  ft.  from  either  side  of  the 
center  line  of  the  i)edestal  this  girdle  of  masonry  terminates  abruptly 
in  a  vertical  face.  From  each  of  the  four  corners  the  extra  thick- 
ness of  masonry  is  gradually  lengthened,  until,  upon  reaching  a  level 
with  the  bottom  of  the  foundation,  it  extends  21  ft.  up  stream  and 
down  stream  from  the  column.  By  this  means  a  saddle  of  masonry 
was  built  continuously  with  the  sewer  masonry  which  distributes 
the  load  over  a  width  of  40  ft.  and  a  length  of  42  ft. 
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The  other  pedestal  extends  only  to  within  about  2  ft.  of  the  bot- 
tom of  the  sewer  foundations,  and  on  account  of  the  horizontal  off- 
sets in  the  courses  of  the  stone  masonry,  some  provision  had  to  be 
made  to  prevent  a  settlement  of  the  sewer  foundations  from  bearing 
upon  the  pedestal  masonry  and  causing  its  settlement  or  tilting. 
For  this  purpose  thin  boards  wrapped  with  building  paper  were  laid 
upon  the  upper  surfaces  of  the  projecting  ledges,  and  similar  boards 
were  placed  against  the  vertical  edges  of  the  masonry  courses.  The 
concrete  then  was  rammed  in  place,  over  and  against  these  boards, 
and  permitted  to  set,  after  which  the  boards  were  withdrawn,  thus 
leaving  a  clearance  between  the  two  structures,  and  an  opportunity 
for  the  sewer  foundations  to  settle  about  2  in.  before  coming  in 
contact  with  the  masonry  of  the  pier.  The  limiting  planes  separat- 
ing the  different  kinds  of  masonry  in  the  normal  sewer  are  extended 
laterally  and  become  the  limiting  planes  of  the  same  kind  of  masonry 
for  that  of  the  extra  thickness  required. 

Widened  Section  at  Outlet. 

At  the  outlet  into  the  Cuyahoga  River,  unusual  difficulties  were 
encountered.  No  less  than  twelve  railway  tracks  are  passed  under, 
the  seven  nearest  the  river  being  on  a  level  of  about  10  ft.  above  the 
water.  The  available  depth  of  water  under  the  supporting  struc- 
tures for  those  tracks  is  only  about  5  ft.,  which  fact  required  a  change 
in  the  cross-section  of  the  sewer  from  a  16  J -ft.  circle  to  a  flattened 
bottom  channel  50  ft.  wide.  The  railway  tracks  which  limit  the 
available  head-room  could  easily  be  spanned  by  steel-girder  con- 
struct  ion,  but  the  most  serious  problem  was  to  design  a  channel  to 
make  the  proper  transition  from  the  circular  to  the  widened  section. 
Such  a  change  could  not  be  made  suddenly,  as  the  shock  and  wave 
from  4  300  cu.  ft.  of  water  per  sec.  flowing  with  a  velocity  of  30  ft. 
per  sec.  would  be  sufficient  to  destroy  almost  any  structure  opposing 
its  impact.  That  the  change  must  be  made  gradually  was  plain, 
but  in  what  length  and  through  what  intermediate  forms  of  cross- 
soction  was  not  so  apparent. 

In  order  to  aid  in  solving  the  difficulties,  a  number  of  experi- 
ments on  a  small  scale  were  made  in  the  winter  of  1898.  They 
were  made  in  the  flume  which  carried  the  flow  of  Walworth  Run  at 
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Scranton  Avenue  near  the  outlet.  A  weir  was  first  constructed  for 
determining  the  volume  of  water  with  which  the  experiments  were 
to  be  made.  A  short  distance  down  stream  from  this  weir,  a  bulk- 
head was  built  in  the  flume,  through  which  was  inserted  the  upi)er 
end  of  an  18-in.  sewer  pipe,  the  joint  being  made  tight  by  caulking. 

Connecting  with  this,  a  line  of  18-in.  sewer  pipe,  each  alternate 
length  being  either  a  Y-branch  or  a  T -branch,  extended  down 
stream  in  the  center  of  the  flume  for  73  ft.  Each  pipe  was  brought 
to  the  exact  grade  of  1.15  per  cent.  The  pipe  was  sent  from  the  yard 
of  a  local  dealer,  without  special  selection,  but  the  line  as  laid  was 
more  uniform  than  could  be  expected  in  practice,  though  the  irregu- 
larities in  the  size  and  shai>e  of  the  several  lengths  were  sufficient  to 
give  the  flowing  water  quite  a  rough  surface. 

At  the  lower  end  of  the  pipe  line,  a  false  bottom  of  surfaced  2-in. 
plank  was  built  in  the  bottom  of  the  flume.  This  false  bottom  was 
about  6  ft.  wide  (the  width  of  the  flume)  and  16  ft.  long.  The  upper 
surface  was  continuous  with  the  invert  of  the  discharge  end  of  the 
sewer  pipe,  level  transversely,  but  with  a  longitudinal  grade  of  1.16%, 
the  same  as  that  of  the  sewer  pipe.  The  upper  surface  of  this  false 
bottom  was  veiy  carefully  dressed  off  vdth  a  carpenter's  plane,  so 
that  the  water  glided  over  it  very  smoothly.  The  object  was  to 
observe  the  shape,  profile  and  behavior  of  water  discharging  from 
the  18-in.  circle  freely  upon  a  smooth,  flat  plane. 

In  order  to  make  it  possible  to  observe  the  exact  depth  of  water 
at  any  point  on  the  platform,  an  overhead  plane  of  reference  was 
established,  from  which,  with  a  steel  tape  and  sharp-pointed  plumb- 
bob,  measurements  could  be  taken  to  the  water  surface  and  to  the 
platform.  On  either  side  of  the  flume,  about  5  ft.  above  the  bottom, 
a  2  by  12-in.  surfaced  plank  was  secured  longitudinally  with  the 
flume,  and  with  the  12-in.  faces  vertical.  The  upper  edges  were 
strained  and  spiked  to  the  timbers  of  the  flume  so  as  to  be  very 
accurately  level,  the  plank  on  the  opposite  side  being  brought  exactly 
to  the  same  elevation. 

A  line,  vertically  over  the  outlet  end  of  the  18-in.  pipe,  was 
stretched  at  right  angles  across,  from  one  plank  to  the  other,  and 
the  point  on  either  side  marked  zero.  Foot  and  half -foot  marks  were 
then  made  on  each  board,  so  that  any  desired  distance  down  stream 
from  the  discharge  end  of  the  pipe  could  be  determined.     A  straight- 
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edge  now  was  made  to  span  the  two  guide-planks  transversely 
with  the  flume,  and  was  graduated  so  that  the  zero  was  exactly  in 
line  and  above  the  center  of  the  end  of  the  pipe  line. 

By  this  arrangement  of  guide-planks,  plumb-bob  measurements 
could  be  made  from  the  plane  of  reference  to  any  desired  point  on  the 
platform. 

Upon  discharging  a  measured  voliune  over  the  platform,  the 
distances  from  the  plane  of  reference  to  the  surface  of  the  flowing 
water  were  measured  at  all  points  desired.  The  differences  between 
these  measurements  and  those  given  for  the  corresponding  points 
to  the  surface  of  the  platform  gave  the  depth  of  water  at  each  point 

Two  principal  sets  of  experiments  were  made:  First,  free  dis- 
charge from  the  circular  pipe  upon-  the  platform;  and,  second,  a 
discharge  modified  by  inserting  a  funnel-shaped  tube  in  the  end  of 
the  pipe,  which  served  to'  make  the  transition  from  circle  to  plane 
more  gradual.  In  each  case  two  widths  of  platforms  were  used,  one 
about  6  ft.  wide,  the  full  width  of  the  flimie,  and  the  other  reduced 
to  4  ft.  by  setting  surfaced  side-planks  edgewise  upon  the  platform. 
This  gave  about  the  same  relative  width  between  pipe  and  channel 
as  would  be  required  at  the  Walworth  outlet. 

The  object  of  the  long  line  of  sewer  pipe  was  to  be  sure  that  the 
velocity  of  the  water  had  become  constant  before  discharging  at  the 
free  end.  Incidentally,  quite  a  number  of  observations  were  made 
on  the  value  of  entry  head,  friction  head,  relative  surface  and  mean 
velocities,  length  required  to  establish  uniform  flow,  etc.,  which, 
though  of  interest  and  value,  are  not  pertinent  here.  The  length  of 
pipe  in  each  case  proved  considerably  longer  than  was  necessary  to 
give  the  water  a  steady  flow.  The  volume  admitted  to  the  pipe  was 
regulated  by  flash-boards  in  the  flume  above  the  measuring  weir 
whereby  an  approximate  regulation  could  be  made,  though  there 
was  at  times  quite  an  appreciable  variation  of  volume  during  a 
particular  experiment. 

Fig.  1,  Plate  LXXIV,  is  a  general  view  of  the  pipe  line,  taken 
January  28th,  1898,  when  the  volume  of  water  flowing  was  2.74 
cu.  ft.  per  sec.  The  smooth  spreading  out  of  the  water  upon  the 
platform  and  the  recoil  wave  from  the  sides  of  the  flume  are  clearly 
shown.  On  Plate  LXXV  is  shown  the  profile  of  the  water  through 
the  pipe,  from  the  inlet,  or  dead  water  at  the  bulkhead,  to  a  point 
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on  the  platform  4  ft.  from  the  discharge  end  of  the  pipe.  Cross- 
sections  of  the  spreading  water  on  the  platform,  at  distances  0.5, 
1,  2  and  4  ft.  from  the  end,  are  shown.  The  figures  show  the  depth 
of  flowing  water  at  each  point,  those  in  the  pii>e  heing  obtained  by 
rod  and  engineer's  level  at  the  Y -branches,  and  those  for  the  plat- 
form by  measuring  from  the  plane  of  reference  with  a  steel  tape,^ 
The  initial  surface  velocity  of  the  water  approaching  the  weir,  the 
head  upon  the  weir  measured  from  a  fixed  point  to  the  surface  of 
still  water  about  8  ft.  above  the  weir,  and  the  calcidated  quantity, 
in  cubic  feet  per  second,  are  also  given. 

The  calculated  area  of  the  water  section  and  the  approximate 
mean  velocity  at  each  station,  numbering  down  stream  from  the 
end  of  pipe  line,  are  also  shown* 

On  Plate  LXXV  are  shown  the  results  of  the  experiments  of 
February  8th,  1898 ;  on  Plate  LXXVI,  those  of  February  10th  and 
11th.  In  each  of  these  cases  the  discharge  is  upon  the  full  width 
of  the  platform. 

Fig.  1,  Plate  LXXVil,  is  an  instantaneoias  view  of  the  discharge 
on  February  llth,  when  the  volimie  was  11  cu.  ft.  per  sec. 

Fig.  2,  Plate  LXXYII,  is  the  same  discharge  looking  down 
stream  over  the  end  of  the  pipe.  In  both,  the  violent  recoil  from  the 
sides  of  the  flume  is  most  oonspicuoias.  The  radiating  lines  of 
flow  of  the  different  filaments  of  water  are  also  clearly  shown. 

Fig.  2,  Plate  LXJLLV,  is  a  time  exposure  (for  a  very  short  time) 
of  the  flow  of  February  14th,  when  the  volume  was  10  cu.  ft.  per 
sec.  Although  the  fine  detail  is  lost,  a  clear,  general  impression  is 
given. 

On  Plate  LXXVI  are  shown  the  results  of  the  experiment  of 
February  llth,  when  the  volume  flowing  was  somewhat  more  than 
7  cu.  ft.  per  sec. 

The  effect  upon  the  spreading  water,  when  the  platform  was 
narrowed  to  4  ft.  in  width,  is  shown  in  Fig.  1,  Plate  LXXVlil, 
taken  February  17th,  1898,  with  2.46  cu.  ft.  per  sec.;  Fig.  2,  Plate 
LXXVm,  taken  February  23d,  with  11.32  cu.  ft.,  and  Fig.  3,  Plate 
LXXVlll,  taken  February  18th,  with  more  than  15  cu.  ft.  per  sec. 
flowing.  In  the  latter  case  the  pipe  was  surcharged  to  within  3  ft. 
of  the  outlet,  and,  through  the  upper  portion  of  the  line,  the  water 
was  overflowing  from  the  Y  -branch. 
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The  detail  of  the  experiment  of  February  17th,  with  10.82  cu. 
per  sec.,  is  shown  on  Plate  LXXVI. 

The  funnel  for  the  second  class  of  experiments  was  4.5  ft  loi 
small  enough  at  the  upper  end  to  fit  tightly  into  the  sewer  pipe, 
at  the  larger  end  it  was  approximately  an  ellipse,  3  ft.  by  1.65 
It  is  shown  in  position  in  Fig.  1,  Plate  LXXIX,  while  carrying  12, 
cu.  ft.  per  sec.  on  February  14th.     Through  the  galvanized  shi 
iron,  on  the  upper  side,  4-in.  holes,  6  in.  apart  each  way,  were 
so  that  the  plumb-bob  could  be  inserted  for  measuring  to  the  wi 
surface  within  the  funnel.    Fig.  2,  Plate  LXXIX,  shows  the  eft 
of  the  funnel  outlet  on  the  6-ft.  platform  on  February  14th,  wii 
flow  of  12.16  cu,  ft.  per  sec. 

On  Plate  LXXX  are  shown  the  details  of  the  experiment  of  F< 
ruary  14th,  when  there  was  a  flow  of  about  12  cu.  ft.  per  sec.  on 
full  width  of  the  platform.     On  Plate  LXXX  is  also  shown  the 
periment  of  February  21st,  with  about  the  same  volume  of  flow, 
with  the  platform  channel  only  4  ft.  wide. 

Fig.  1,  Plate  LXXXI,  is  a  view  when  the  flow  was  11.51  cu. 
per  sec.,  on  February  23d,  and  Fig.  2,  Plate  LXXXI,  when  the  fl< 
was  about  15  cu.  ft.  i)er  sec. 

While  these  experiments  do  not  pretend  to  any  great  refinemi 
they  illustrate  some  valuable  facts  regarding  the  behavior  of  flowii 
water  under  the  peculiar  conditions  considered.  The  most 
portant  is  the  imperative  necessity  of  making  the  transition  froi 
the  circular  to  the  wide  section  very  gradual.  If  made  gradui 
enough,  the  back  wave  from  the  sides  can  be  almost,  if  not  entii 
avoided.  Another  fact  shown  is  that  the  velocity  of  the  met 
cross-section  during  the  transition  probably  tends  to  acceleral 
In  the  experiments,  the  acceleration  from  the  falling  water  surfa< 
exceeded  the  retardation  from  the  friction  of  the  enlarged  perimeti 
of  the  channeL 

In  order  to  determine  the  velocity  at  each  section  of  the  sew< 
channel  and  thus  the  depth,  the  problem  of  the  unsteady  flow  of  tl 
water  must  be  solved.    An  approximate  depth  can  be  determine 
on  the  assumption  that  the  velocity  remains  unchanged  through  tl 
changing  sections,  but  this  method  will  give  depths  too  great,  or 
small^  depending  on  whether  the  velocity  is  really  accelerated 
retarded. 
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Attempts  to  apply  the  discussions  and  formulas  for  unsteady 
flow,  as  given  in  works  on  hydraulics  known  to  the  writer,  proved  a 
failure;  the  results  obtained  were  either  negative  or  manifestly 
absurd. 

The  writer,  therefore,  made  the  following  solution  of  the  prob- 
lem, which  may  be  of  value  to  other  engineers. 

No  equation  can  be  written  which  will  give  the  length  or  velocity 
directly  in  terms  of  the  area,  slope  of  invert,  hydraulic  radius,  etc., 
since  the  terms  on  each  side  of  the  equation  are  dependent  on  those 
of  the  other.  Kesort  to  a  method  of  approximation,  therefore,  is 
necessary. 


Fio.  6. 

In  Fig.  6,  let  a;  m  be  a  horizontal  line;  a;  n  be  parallel  to  the 
invert,  and  thus  equal  to  the  slope  of  the  channel;  and  x  y  he  the 
water  surface.     Let  d^  be  the  depth  at  sectioa  A,  and  d„  the  depth 

at  section  jB,  to  be  determined.  Knowing  the  shape  of  the  channel, 
if  the  velocity  at  B  is  determined,    the  depth,  f7^,  is  easily  found. 

Let  v^  Aq,  R^  C^,  etc.,  be  the  elements,  velocity,  area,  hydraulic 
radius,  coefficient  of  friction,  etc.,  at  section  A,  and  let  the  same 
letters  with  the  subscripts,  Uj  represent  the  corresponding  elements 
at  section  B.  Now,  if  there  were  no  friction  in  the  channel  between 
A  and  B  the  velocity  at  B  would  be  represented  by  the  equation, 
F^  =  l/  2  g  fe  +  v^*,  in  which  h  is  the  total  fall  of  the  water  surface, 

or,  m  ^  in  Fig.  6.  But,  since  there  is  friction,  the  actual  velocity  is 
less  than  that  given  by  the  formula,  or,  some  of  the  head,  m  ^,  is 
used  up  as  friction  head.  Now,  suppose  that  the  friction  were 
uniform  and  the  amount  required  to  maintain  the  velocity,  v^,  and 
assume  that  m  o  represents  this  friction  head,  /i^,  in  the  length,  I, 
from  A  to  B,  Then  an  approximate  value  of  the  velocity  at  B, 
call  it  the  first  approximation,  v\,  would  be  represented  by  the  equa- 
tion, Vj  =  \/  2  g  {h  —  '^o)  +  Vq^      But   the   friction   increases   with 


450  THE  WALWORTH  8EWEE,  CLEVELAND,  OHIO.         [Papers. 

the  velocity^  and  so  the  last  equation  also  gives  too  great  a  velocity. 
It  is,  however,  much  nearer  the  true  velocity,  v^,  than  the  value 
given  by  the  first  equation.  The  last  equation  will  give  a  fair  finst 
approximation. 

From  Fig.  6  we  have,  h  =  m  n  +  n  y  =  il  +  (d^  —  d^J,  in 
which  i  is  the  inclination  of  the  invert  and  I  the  length  between  sec- 
tions A  and  JB.  If  fe^  =  m  o,  the  friction  head  between  A  and  JB,  in 
order  to  maintain  a  uniform  velocity,  v^,  we  would  have 

\  =  C.  VBTS,  or,  S  =  ^^^,  B.ni\  =  Sl=  ^V^^- 

In  the  equation  for  first  approximation  we  may  consider  that 
(d^  —  d^)  =  0,  then,  by  making  the  substitutions  indicated,  we  have  a 
first  approximation,  t?p  for  the  velocity  at  J5, 


«.  =  >]2.{iJ-^J  +  V. 


o     — 0 


A  value,  Vj,  for  the  velocity  at  B  is  thus  determined  from  which  first 
approximations  for  the  area,  radius,  coefiicient  of  friction  and  depth, 
or,  j1,,  i?j,  Cp  dj,  are  easily  fouud.  With  this  value  for  d|  a  second 
approximation  for  the  velocity,  Vj?  ^^  -S  can  be  made,  in  which  case 
we  use  the  mean  values, 

.=!V^,  C  =^4:5i,andi?=?^+:?i, 
2      '  2       '  2       ' 

instead  of  t?^,  0^,  and  B^,  respectively.  Making  these  substitutions 
for  the  values  of  h  and  h^  given  above,  we  have  for  a  second  approxi- 
mation. 

In  like  manner  any  number  of  approximations  may  be  made  and  the 
general  formula  for  the  n**  will  be, 

t'n=  J2(7{[u+(c^,-rf„_,)]-^I5}+^o^ 

in  which  v  =  ^o~^^'  n^i    q  ^  ^_±_^«_j:l1,  and  R  =  ^  +  ^n-i 

2  2  2 

If  the  inclination  of  the  invert  is  considerable,  only  a  few  ap- 
proximations will  be  necessary  to  obtain  values  such  thatr^  =.  «^  _  ^, 
or,  to  find  the  exact  value,  v^,  for  the  velocity  and  consequent  depth 
at  B.    If  the  slope  of  the  invert  is  very  slight,  the  formula  may 
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give  successive  values  alternately  too  large  and  too  small,  and  such 
that  each  maximum  value  is  less  than  the  preceding  one  and  each 
minimum  value  larger  than  the  preceding  one.  It  thus  presents  the 
case  where  the  velocity  head  and  friction  head  are  alternately  ex- 
cessive. In  this  case,  if  a  sufficient  nimiber  of  approximations  were 
made,  the  true  value  for  velocity  and  depth  at  B  would  be  obtained, 
but  the  process  is  greatly  shortened  if,  as  soon  as  maximum  and 
minimum  values  are  determined,  a  mean  between  them  be  taken  as 
the  approximate  value  for  use  in  the  next  approximation.  By  a 
few  averages  obtained  in  this  manner  the  case  can  be  quite  readily 
solved.  It  may  also  be  noticed  that  it  is  not  necessary  to  make  the 
first  approximation,  as  a  second  approximation  can  be  made  directly 
by  taking  some  reasonable  value  of  (2^  by  estimation  and  using  that 
directly  in  the  second  approximation  formula.  The  foregoing  solu- 
tion is  for  the  case  of  accelerated  velocity,  but  the  formula  is  gen- 
eral, and  will  apply  to  a  case  of  retarded  velocity  by  observing  the 
algebraic  signs.  The  shape  of  the  channel  is  immaterial;  also,  any 
change  there  may  be  between  the  two  sections  taken,  as  long  as  the 
change  is  gradual  and  the  length  is  not  taken  so  great  that  the 
average  velocities  and  friction  constants  at  the  two  sections  are 
materially  in  error.  It  is  necessary,  of  course,  that  there  be  no 
change  of  grade  between  the  two  sections. 

The  writer  has  applied  this  method  of  calculation  to  observed 
cases  of  unsteady  flow  and  has  found  that  it  gave  results  agreeing 
as  closely  with  the  observed  depths  as  could  be  expected  with  the 
necessary  uncertainties  in  the  areas,  grades  and  coefficients  of 
friction.  As  applied  to  the  experiments  above  described  and  illus- 
trated, it  gives  very  satisfactory  results  if  applied  between  two  sec- 
tions where  the  change  in  shape  is  not  abrupt.  Where  a  sudden 
change  occurs,  the  depths  obtained  by  the  formula  are  too  small, 
because  a  part  of  the  total  head  has  been  consumed  in  producing 
waves,  side  currents,  etc. 

Two  curves  are  shown  on  the  profile  of  the  outlet  section,  Plate 
LXXXn,  the  upper  one  being  calculated  for  imiform  velocity 
equal  to  that  in  the  sewer  before  a  change  in  grade  or  section  occurs. 
The  second  and  lower  line  shows  depths  as  calculated  for  the  case  of 
acceleration.  The  true  depths  no  doubt  lie  somewhere  between  the 
two  lines,  and  probably  very  close  to  the  lower  one,  because  of  the 
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very  gradual  changes  in  the  sewer  section  and  the  small  amount  of 
energy  wasted  in  lateral  currents. 

In  designing  the  outlet,  a  great  velocity  was  desirable,  because 
the  depth  of  water  in  the  channel  would  be  reduced.    At  Station  0, 
therefore,  the  grade  of  the  invert  was  changed  from  0.5  to  0.9  i>er 
cent.    At  Station  —  (0  +  50)  the  shape  of  the  sewer  begins   to 
depart  from  that  of  a  circle,  and  at  Station  —  (1  +  00)  it  becomes 
a  horseshoe-shaped  channel,  16.5  ft.  wide  and  16.5  ft.  high.     The 
dry-weather  sewage  channel  in  the  bottom  is  obtained  by  retaining 
the  lower  segment,  0.6  ft.  deep,  of  the  16.5-ft.  circle.     The  floor  of 
the  channel  on  either  side  rises  outward  on  a  4%  slope  until   it 
meets  the  vertical  side  wall.     The  lines  of  junction  between  the 
planes  forming  the  floor  of  the  channel  and  the  curved  side  walls 
are  symmetrical  reverse  curves  in  plan  and  are  on  the  grade  re- 
quired to  give  a  4%  transverse  slope  to  the  floor. 

At  Station  —  (1  +  00)  the  channel,  while  retaining  the  horse- 
shoe-shape of  bottom,  gradually  widens,  in  symmetrical  reverse 
curves,  imtil  at  Station  —  (2  +  00)  the  width  has  been  increased 
to  60  ft.  The  crown  of  the  sewer  continues  on  a  0.90%  grade  from 
Station  —  (1  +  00)  until  the  height  of  the  crown  above  the  spring- 
ing line  of  the  arch  is  reduced  to  three-tenths  of  the  span.  From 
this  point  forward  the  crown  is  varied  so  as  to  keep  the  rise  con- 
stantly three-tenths  of  the  span.  The  grade  of  the  springing  line 
of  the  arch  is  3.8%,  which  gradually  reduces  the  height  of  the 
springing  line  above  the  floor  of  the  sewer  from  8.6  ft.  at  Station 
—  (1  -f  00)  to  5  ft.  at  Station  —  (1  +  92). 

The  width  of  50  ft.,  attained  at  Station  —  (2  +  00),  continues 
to  the  river.  At  Station  —  (1  +  92)  the  arch  terminates  in  a  cut- 
stone  parapet  and  wing  walls,  and  the  remainder  of  the  distance  to 
the  river  is  bridged  over  with  steel  girders. 

The  main  passenger  track  of  the  Erie  Kailroad  passes  over  the 
arch  with  about  3  ft.  of  cover  beneath  the  rails,  and,  on  that  account, 
the  depth  of  the  arch  at  the  key  was  made  4  ft. 

The  steel  girders  for  spanning  the  portion  nearest  the  river, 
Plates  LXXXn  and  LXXXIV,  were  designed  by  Mr.  C.  H.  Haupt, 
Assistant  Engineer,  and  are  extra  heavy  for  the  span.  This  in- 
creased strength  was  required  partly  by  the  fact  that  they  have  less 
depth  than  ordinarily  used  for  such  a  span,  but  principally  because 
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OUTLET  PORTION  OF  WALWORTH  STREET  SEWER. 
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the  railway  company  required  that  they  be  strong  enough  to  pe; 
laying  the  tracks  in  any  position.  This  makes  it  necessary  for 
girder  to  sustain  practically  the  whole  weight  of  an  engine  ins 
of  the  weight  being  supported  by  two  girders. 

At  the  point  of  discharge  into  the  river,  the  channel  is  dep 
and  discharges  over  an  ogee  portion.  Plates  LXXXH  and  LXX 
The  ogee  is  designed  so  that  the  water  will  be  discharged  into 
river  at  about  mid-depth  and  in  a  horizontal  direction.    This  te: 
to  prevent  any  scouring  effect  on  the  bottom  of  the  river  ch 
and  also  opx)oses  the  inertia  of  the  river  against  the  impact  of 
storm  water  of  the  sewer. 

Coffer-Dam. — ^About  60  ft.  of  the  outlet,  including  the  og 

shaped  portion,  was  constructed  inside  of  a  cofPer-dam.    Guide-pi 

were  driven  so  as  to  enclose  the  entire  space.    To  them  were  bol 

waling  timbers  which  supported  6  by  12-in.  tongued  and  groov< 

sheet-piling.    The  piling  structure  on  the  river  side,  and  extendi 

well  into  the  banks,  was  made  double  and  filled  with  puddle. 

portion  of  the  coffer-dam  on  the  land  side  was  enclosed  with  a  sin^'la! 

row  of  tongued  sheeting.    The  structure  is  clearly  shown  by  Fig.  2,.* 

Plate  LXIX. 

General  Construotion. 

The  work  was  divided  into  five  sections  and  contracts.  On  ac- 
count of  several  dif&culties  and  special  structures  to  be  designed 
nearer  the  outlet,  the  uppermost  section,  extending  from  Gordon 
Avenue  to  about  midway  between  Junction  and  Burton  Streets,  was 
let  first.  This  section  was  about  4400  ft.  long,  the  diameter  of  the 
sewer  ranging  from  8  ft.  to  11  ft.  6  in.  Bids  for  this  section  were 
received  on  February  26th,  1897,  and  the  work  was  let  to  Messrs.  ^\^\\ 
Wilson  and  Strack,  of  Cincinnati,  Ohio.  The  principal  quantities 
of  work  and  the  contract  prices  are  shown  in  Table  3. 

Ground  was  first  broken,  officially,  with  public  ceremonies,  by 
Mayor  McKisson  on  the  evening  of  March  27th,  1897.    The  work  was 
carried  on  by  the  use  of  two  cableway  conveyors.    A  5-ft.  cubical 
concrete  mixer,  discharging  into  the  cableway  buckets,  was  used 
for  part  of  the  work,  and  part  of  the  concrete  was  mixed  by  hand.     \ 
A  narrow-gauge  railway  was  laid  from  the  upper  end,  at  a  junction     *"^^ 
with  the  ''Big  Four  Railway,"  down  to  Junction  Street,  within  about     ' 
400  ft.  of  the  lower  end  of  the  work. 
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TABLE  3. — Quantities  and  Prices  for  Section  1. 


Items. 


EbccATation,  includinK  cost  of  sheeting  and  braclDg 

Grillage  lumber,  S-in.  oak,  in  place 

Katural-cement  concrete,  in  foundations 

Shale  brick.  No.  1,  laid  in  1 : 8  Portland-cement  mortar 
required  for  lining  ring  of  se-wer  below  arch  and  In- 
cluding second  ring  of  Drick  in  invert  consisting  of 
clay  brick  (not  more  than  15  per  cent,  absorption), 
also  laid  in  1:2  Portland-cement  mortar 

Clay  brick  masonry,  laid  in  1:8  natural-cement  mortar, 'i 
required  for  side  walls  above  concrete  base  andV 
below  arch ) 

Arch  masonry,  laid  in  1:2U  Portland-cement  mortar, ) 
the  inner  ring  being  No.  1  shale  brick  and  the  outer  V 
portions  clay  brick ) 

Cast-iron  manhole  caps  and  covers 


Quantities. 


67  600 

854  000 

9265 


cu.  yd. 
ft.,  D.  M. 
cu.  yd. 


1  718  cu.  yd. 


4  471  cu.  yd. 


4688 
8260 


ou.  yd. 
lb. 


Prices. 


$0.80 

80.00 

8.90 


7.60 

4.86 

6.70 
0.08 


The  sewer  was  built  upon  a  grillage  consisting  of  transverse  S-in. 
oak  planking  laid  upon  3  by  12-in.  longitudinal  stringers  bedded  in 
the  clay  bottom.  To  produce  the  cylindrical  surface  of  the  invert, 
different  methods  were  tried.  One  method  was  to  use  a  board  form 
having  the  shape  of  a  complete  transverse  section  of  the  finished 
concrete.  This  form  was  set  about  12  ft.  in  advance  of  the  com- 
pleted concrete,  and  then  the  concrete  was  rammed  in  place  and 
tested  frequently  with  a  straight-edge. 

Another  method,  which  proved  superior  and  was  finally  adopted, 
was  to  ram  the  concrete  under  a  form  not  unlike  an  inverted  seg- 
mental arch  center.  This  form  is  shown  in  Fig.  1,  Plate  LXXXVI. 
After  the  form  was  moved  forward  to  a  new  position  the  inner  sur- 
face of  the  concrete  was  smoothed  off  with  mortar. 

Line  and  grade  were  given  by  stakes  driven  in  the  bottom  of  the 
excavation.  For  the  concrete  grade,  2  by  2-in.  stakes  were  toe- 
nailed to  the  grillage,  and  the  concrete  was  finished  off  flush  with 
the  tops  of  the  stakes.  The  finished  concrete  bottom  was  afterward 
tested  by  the  level  so  that  the  two  rings  of  brickwork  would  come 
just  to  the  invert  grade  of  the  sewer. 

The  side  walls  are  of  clay  brick  laid  in  natural-cement  mortar, 
English  bond,  with  three  courses  transverse  to  the  sewer  and  every 
fourth  course  longitudinal.  The  courses  pitch  inward  with  a  slope  of 
1  vertical  to  4  horizontal,  while  the  outer  face  is  at  right  angles,  or 
with  a  batter  of  1  to  4.  The  bricks  forming  the  curve,  back  of  the 
single  ring  of  No.  1  shale  brick  laid  in  1 :  2  Portland-cement  mortar. 
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are  beveled  roughly  with  a  trowel,  though  that  is  a  detail  not  re* 
quired  by  the  specifications.  The  backs  of  the  side  walls  are  plas- 
tered with  natural-cement  mortar. 

Although  clay  brick  were  specified  for  the  side  walls,  the  outer 
ring  of  the  invert  and  the  outer  portions  of  the  arch,  di£5iculty  waa 
found  in  obtaining  brick  which  would  not  exceed  the  maximum 
limit  of  15%  absorption.  As  a  residt,  the  contractors  were  per- 
mitted to  use  shale  brick  haying  an  absorption  not  exceeding  S%, 
in  lieu  of  clay  brick,  for  almost  the  entire  contract.  The  cost  per 
cubic  yard  for  masonry  was  not  greatly  increased  by  the  change, 
and  the  delays  and  trouble  caused  by  the  rejection  of  large  quan- 
tities of  clay  brick  were  avoided,  while  the  character  of  the  work 
was  really  improved. 

The  arch  was  built  upon  ordinary  centering  with  the  ribs  spaced 
at  about  2.5-ft.  centers.  The  ribs  and  lagging  were  separate,  so 
that  the  forms  could  readily  be  moved  forward  piecemeal.  V-shaped 
frames,  upon  which  the  centering  rested,  transferred  the  weight 
directly  to  the  invert. 

The  lagging  was  lightly  nailed  to  the  ribs,  so  that  it  could  be 
easily  separated  as  soon  as  the  supports  for  the  ribs  were  removed. 

The  peculiar  method  of  laying  the  brick  in  the  arch  caused  the 
masons  some  trouble  at  first,  but  they  soon  became  familiar  with 
the  bond,  and  the  work  proceeded  without  delay.  Fig.  1,  Plate 
LXXXVli,  shows  the  construction  of  a  17-in.  ring  of  work  outside 
of  a  13-in.  ring.  As  shown,  the  two  rings  have  nearly  reached  a 
common  radial  plane,  the  outer  ring,  as  already  explained,  contain- 
ing one  more  course  of  brickwork  than  the  inner  one.  The  toothing 
on  the  end  wall  is  also  shown,  and  illustrates  how  the  superimposed 
rings  break  joint. 

As  the  arch  nears  the  key,  the  courses  become  so  steeply  inclined 
that  they  would  fall  apart  from  the  pressure  of  the  fresh  mortar 
if  carried  directly  to  the  required  radial  thickness.  The  upper 
stretcher  brick,  therefore,  are  omitted  temporarily  until  the  section 
of  the  key  has  been  completed  along  the  line  of  the  intrados.  The 
upper  surface  of  the  ring,  therefore,  presents  a  toothed  appearance, 
as  shown  in  Fig.  2,  Plate  LXXXVII,  caused  by  the  projecting 
header  bricks.  The  stretcher  bricks  are  now  driven  down  to  place 
in  the  mortar,  and  the  upper  surface  of  the  ring  is  plastered  over 
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with  mortar,  thus  completing  the  ring.  The  circular  arc  forming 
the  figure  of  the  extrados  is  obtained  with  a  sweep,  of  the  required 
radius,  swinging  on  a  nail  at  a  point  below  the  center  of  the  arch. 
The  sweep  can  be  swung  into  position  at  will,  and  fixes  the  thick- 
ness of  the  arch  at  any  point. 

As  explained  before,  the  bricks  are  cut  with  a  trowel  so  as  to 
bring  the  cross-section  of  the  extrados  to  a  circular  arc  instead  of 
allowing  it  to  present  a  series  of  4-in.  steps  where  the  thickness  of 
the  arch  changes  by  one  course  of  brick.  Of  course,  this  is  only 
approximately  accomplished.  The  brick  cutting  required  is  not  as 
great  as  would  at  first  appear,  and  the  requirement,  therefore,  was 
not  formidable.  The  entire  back  of  the  arch  was  plastered  with  a 
heavy  coating  of  mortar,  so  as  to  present  a  smooth  and  continuous 
surface. 

Walworth  Run  at  times  occupied  the  location  required  for  the 
sewer.  In  these  cases  the  stream  was  diverted  into  an  artificial 
channel  at  one  side.  At  a  few  other  places  it  was  necessary  to 
cross  the  stream.  This  was  usually  accomplished  by  carrying  the 
stream  across  the  sewer  trench  in  a  flume,  and  omitting  a  short 
section  of  the  sewer  arch  until  the  water  could  be  diverted  into  the 
sewer  through  a  storm  inlet  at  the  side. 

At  Junction  and  Burton  Streets  the  location  for  the  sewer  con- 
flicted with  the  old  storm  culverts  of  the  stream.  In  these  cases  it 
was  necessary  to  construct  temporary  tunnels,  some  distance  to  one 
side,  through  which  the  water  was  diverted  from  its  regular  chan- 
neL  These  tunnels  were  bricked  up,  making  them  essentially 
sewers  5  ft.  in  diameter.  Although  expensive,  they  relieved  the 
work  of  the  danger  from  flood.  The  old  culverts  were  then  broken 
down  to  permit  of  the  building  of  the  main  sewer. 

Work  on  Section  1  continued  through  the  seasons  of  1897  and 
1898,  and  it  was  not  until  about  January  1st,  1899,  that  it  was  com- 
pleted, including  all  the  necessary  embankments,  connections  with 
intersected  sewers,  watercourses,  etc. 

The  Second  Section. 

Section  2  extends  from  a  point  connecting  with  Section  1,  about 
midway  between  Junction  and  Burton  Streets,  to  within  100  ft.  of 
Mill  Street,  and  varies  in  diameter  from  11  ft.  6  in.  to  14  ft.  9  in. 
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Bids  were  received  on  August  6th,  1897,  and  the  work  was 
awarded  to  Messrs.  Bramley  and  Oribben,  of  Cleveland. 

The  classification  of  the  work  was  the  same  as  on  Section  1 
The  principal  items  are  shown  in  Table.  4. 

TABLE  4. — Quantities  and  Prices  for  Section  2. 


Items.  '      Quantities.  Prices. 


Excavation 76  Od)  cu.  yd.  $0,45 

Grillage  lumber 485U00ft.,B.  M.  ».00 

Natuw-cement  concrete 16  OJJO  cu.  yd.  2.80 

Invert  masonry !  8  600  cu.  yd.  6. 50 

Side  walls ■  8  000  cu.  yd.  5.80 

Arch  masonry 8  800  cu.  yd.  6.25 

I 


\ 

ii 


The  general  methods  followed  were  so  similar  to  those  used  by 
the  contractors  on  Section  1  that  no  special  description  need  be 
given,  except  in  a  few  particulars. 

Instead  of  using  a  narrow-gauge  railway,  a  standard-g^auge 
track  was  built  alongside  the  entire  length  of  the  sewer  and  con- 
nected with  the  'TBig  Four  Railway." 

A  4-ft.  cubical  concrete  mixer,  with  an  engine  on  a  flat  car,  was 
equipped  with  overhead  platform,  hopper,  etc.  Permanently 
coupled  to  this  car  was  another  carrying  the  boiler,  a  hoisting  en- 
gine, and  a  boom  derrick.  This  equipment  was  pushed  along,  as 
the  work  progressed,  and  delivered  the  concrete  from  the  mixer 
directly  into  the  bottom  of  the  ditch  through  a  chute.  The  stone, 
sand  and  cement  were  hoisted  by  the  derrick,  to  the  platform,  and 
to  the  hopper  above  the  mixer,  directly  from  the  cars  alongside. 
The  whole  equipment  worked  well,  and  appeared  to  be  as  efficient  as 
any  that  could  have  been  adopted. 

Construction  was  begun  about  September  Ist,  1897,  at  the  east 
end  of  Section  2.  A  cable  machine,  similar  to  that  used  by  Afessrs. 
Wilson  and  Strack  on  Section  1,  was  adopted,  and,  during  the 
autumn  of  1897,  a  length  of  about  492  ft.  of  sewer  was  built.  The  pit 
for  the  overflow  chamber  was  also  excavated  and  a  small  portion 
of  the  concrete  bottom  deposited,  but,  owing  to  the  severity  of  the 
weather,  work  was  stopped  until  the  spring  of  1898,  the  pit  being 
allowed  to  fill  with  water. 
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On  account  of  soft  ground,  and  the  fact  that  the  grade  of  the 
14  ft.  9-in.  sewer  entering  the  upper  end  of  the  overflow  chamher 
was  nearly  10  ft.  above  that  of  the  storm  overflow  outlet,  it  was 
necessary  to  excavate  7.3  ft.  deeper  than  the  sub-grade  shown  upon 
the  plans.  The  foundations  for  the  overflow  chamber,  therefore, 
were  carried  down  to  practically  the  same  level  at  both  ends.  This 
required  the  \ise  of  a  large  extra  amount  of  natural-cement  con- 
crete, but  it  was  deemed  unsafe  to  omit  the  precaution.  The  ex- 
cavation was  fllled  in  solid  against  the  sheeting,  all  of  which  was 
left  in  place.  « 

The  Flemish  bond  arch  rings  were  carried  up  in  the  same  man- 
ner as  for  the  ordinary  sewer  arch,  the  key  being  formed  by  the 
intersection  of  the  various  courses  at  their  junction  with  each  other. 
Where  the  arches  terminated  in  the  rib  forming  the  groin  the  bricks 
were  all  carefully  interlocked  so  as  to  give  the  most  rigid  connection 
possible.  Owing  to  the  fact  that  the  5-f t.  intercepting  sewer  is  not 
yet  completed  to  this  point,  a  3-ft.  temporary  channel  was  built 
across  from  the  lower  end  of  the  dry-weather  channel  and  discharged 
back  into  the  storm  outlet,  in  order  that  the  overflow  sill  might 
be  completed  at  once.  This  sill  is  composed  of  a  fine,  white  sand- 
stone from  the  quarries  of  Peninsula,  Ohio,  each  block  being  5  ft 
in  length  and  cut  carefully  to  the  proper  curves.  Fig.  1,  Plate 
LXXI,  shows  an  interior  view  of  the  chamber  looking  up  stream, 
and  Pig.  2,  Plate  LXXI,  a  corresponding  view  from  the  upper  end 
looking  down  stream. 

Westward  from  the  overflow  chamber  for  the  entire  distance  to 
a  point  about  425  ft.  west  of  Burton  Street,  a  greater  or  less  quan- 
tity of  extra  concrete  foundation  was  found  to  be  necessary,  in 
order  to  carry  the  foundations  down  to  the  bed  of  hard,  blue  clay. 
The  extra  depth  of  concrete  thus  required  varied  from  7  to  1.25  ft., 
with  an  average  of  from  2  to  3  ft. 

A  large  brewery  stands  on  the  southerly  bluff  line  just  east  of 
Ehodes  Avenue,  and  the  trench  was  cut  into  the  slope  about  one- 
third  of  the  way  up  from  the  valley.  Extra  heavy  sheeting  and 
bracing  became  necessary,  therefore,  in  order  to  protect  the  side 
hill,  with  the  great  weight  of  the  brewery,  and  the  railway  tracks 
which  passed  along  the  edge  of  the  bluff  immediately  above.  For 
this  portion  of  the  work,  the  concrete  and  brickwork  were  built  up 
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solidly  against  the  sheeting  at  the  side  next  to  the  hill,  in  order  to 
prevent  any  possible  movement  of  the  hillside.  Although  there  was 
a  slight  cracking  near  the  top  of  the  bank,  there  was  no  serious 
settlement  of  the  building  or  the  railway. 

It  was  expected  that  the  switch  track  from  the  Cleveland,  Cin- 
cinnati, Chicago  and  St.  Louis  Railway  would  be  maintained  by 
temporary  bridging  while  the  sewer  was  being  built.  The  con- 
tractor, however,  made  arrangements  with  the  railway  company  and 
the  brewery  interests  whereby  he  was  permitted  to  cut  out  the 
switch  track  temporarily. 

During  the  season  of  1898,  the  sewer  was  constructed  westward 
from  Mill  Street  to  the  east  edge  of  the  embankment  of  the  C,  C, 
C.  and  St.  L.  Railway  at  Burton  Street.  A  length  of  about  340  ft. 
west  from  Burton  Street  was  also  constructed.  During  the  winter  of 
1898  and  1899,  the  work  west  of  Burton  Street  was  carried  on  con- 
tinuously, with  the  exception  of  short  intervals,  of  severe  weather. 
Steam  was  carried  from  the  concrete  mixer  or  from  the  locomotive 
boiler  through  pipes  to  hot-water  barrels  and  into  pipes  buried  in 
the  sand  piles,  so  that  an  abundance  of  hot  water  and  hot  sand  was 
available  at  all  times.  The  trench  was  kept  tightly  planked  over, 
and  salamanders  were  kept  burning  inside. 

Connection  between  Sections  1  and  2  was  made  on  May  12th, 
1899,  thus  completing  the  work  of  Section  2,  except  the  portion 
through  the  Burton  Street  and  '^ig  Four  Railway"  embankments. 
The  part  at  Burton  Street  was  built  in  July,  1899.  The  portion 
across  the  right  of  way  of  the  C,  C,  C.  and  St.  L.  Railway  is  de- 
scribed under  the  heading:  "Tunnel  under  Big  Four  Railway." 

Third  and  Fourth  Sections. 

Bids  were  received  for  constructing  Section  3,  extending  from 
100  ft.  west  of  Mill  Street  down  stream  to  a  point  822.7  ft.  east  from 
Willey  Street,  on  October  1st,  1897;  and  for  Section  4,  continuing 
down  stream  from  the  last-named  point  to  within  100  ft.  of  Cliff 
Street,  near  the  outlet,  on  March  15th,  1899.  As  Messrs.  Bramley 
and  Gribben  were  the  lowest  bidders  for  both  these  sections,  the 
construction  of  both  will  be  considered  together.  The  principal 
quantities  and  the  contract  prices  for  each  are  shown  in  Table  5. 
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TABLE  5. — Quantities  and  Prices  for  Sections  3  and  4. 


Third  Skction. 

Fourth  Sbction. 

Items. 

Approximate 
quantities. 

Prices 
bid. 

Approximate 
quantities. 

Prices 
bid. 

Excavation 

67  500  cu.  yd. 

14  400  ''    •» 

1900   "    " 

10.40 
2.d0 
6.50 
4.75 
6.86 

80.00 

89  000  cu.  yd. 

10  000  '•     *' 

950  *'     " 

8  600  "     *' 

8  400"     " 

178  000  ft.,  B.  M. 

$0.70 

Concrete 

4.00 

Shale-brick  masonry 

8.85 

Clay-brick  masonry 

6  500   "    '* 
6  600   "     " 

6.50 

Brick  masonry 

7.50 

Orillagf* .'. 

846  000  ft.,  B.  M. 

80.00 

The  cable  was  set  up  just  west  from  Brevier  Street,  and  work 
began  about  April  1st,  1899.  The  work  was  carried  on  vigorously 
and  continuously  during  the  season,  and  was  completed  about  De- 
cember 1st,  1899.  There  were  no  features  of  construction  on  this 
portion  of  the  work  which  need  special  mention,  except  at  the  point 
where  the  sewer  passes  under  the  viaduct  of  the  New  York,  Chicago 
and  St.  Louis  (Nickel  Plate)  Kailway.  At  this  point  one  of  the 
bridge  abutments  conflicted  with  the  location  for  the  sewer.  Under 
agreement  between  the  city  and  the  railway  company,  at  the  time 
of  the  opening  of  Walworth  Street,  the  railway  changed  their 
bridging  before  the  construction  of  the  sewer  had  been  commenced 
at  this  point. 

Work  was  begun  at  Cliff  Street  on  September  1st,  1899.  At 
the  level  of  the  foundations  of  the  sewer  as  planned,  soft  clay,  with 
a  mixture  of  loam,  sand,  filled  material  and  oil  from  the  former 
works  of  the  Standard  Oil  Company,  were  encountered.  An  extra 
depth  of  9.9  ft.  of  concrete  was  found  necessary  in  order  to  get 
down  to  the  hard  clay.  The  trench  was  filled  solidly  with  natural- 
cement  concrete  to  the  full  width  between  the  sheeting,  thus  giving 
a  thickness  of  11.9  ft.  of  concrete  under  the  brickwork  of  the  invert. 
It  might  have  been  cheaper  to  use  a  pile  foundation,  but  as  no  price 
for  piling  was  included  in  the  contract,  it  was  finally  decided  to  fill 
the  trench  with  concrete.  This  extra  depth,  however,  gradually  de- 
creased until  the  normal  depth  of  foundation  was  reached,  about 
700  ft.  westward. 

Where  the  sewer  passed  under  the  Abbey  Street  viaduct,  it  was 
somewhat  of  a  problem  to  carry  the  weight  of  one  of  the  trestle 
columns   during   the   construction   of  the   sewer.    The   contractor 
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solved  the  problem  in  his  own  way,  and  very  satisfactorily.  Traffic 
on  the  viaduct  was  not  interrupted  except  by  erecting  barriers  so 
88  to  deflect  the  traffic  to  the  other  side  of  the  roadway  where  the 
weight  would  be  carried  directly  to  the  undisturbed  foundations. 
The  post  which  rested  upon  the  pier  to  be  removed  was  suspended 
by  passing  a  cable  from  the  foot  of  the  post  diagonally  upward  t<r 
the  top  of  the  opposite  post,  and  otJier  cables  to  the  tops  of  both 
posts  composing  the  next  pair  of  the  trestle  bents.  By  means  of 
turn-buckles,  the  weight  of  the  columns  and  the  capstone  of  the 
pedestal  attached  was  lifted  free  from  the  pedestal.  Timber  struts 
were  also  put  in  along  with  the  cables  in  order  to  take  up  vibration. 
The  arrangement  of  cable  and  struts  is  shown  in  Figs.  1  and  2, 
Plate  LXXXVm.  The  construction  of  the  sewer  was  carried 
forward  as  near  as  practicable  to  the  pier  to  be  removed,  and  the 
excavation  and  the  foundations  at  the  sides  were  carried  forward  a 
short  distance  on  either  side  and  beyond  the  x)edestal.  Pig.  2,  Plate 
LXXXVni,  shows  clearly  this  stage  of  the  construction.  The 
pedestal  was  then  removed,  leaving  the  capstone  hanging  to  the 
foot  of  the  viaduct  column,  and  the  sewer  structure  was  carried 
through  to  completion  without  interference  underneath.  Fig.  2, 
Plate  LXXXYUr,  shows  the  construction  of  the  masonry  of  the 
arch,  including  the  saddle-shaped  reinforcing  masonry  at  the  sides. 
After  the  arch  had  been  completed,  the  upper  portion  of  the  pedestal 
was  rebuilt  upon  the  back  of  the  arch,  and,  after  the  arch  had  suf- 
ficiently hardened,  the  turn-buckles  were  gradually  loosened  and  the 
weight  brought  to  bear  upon  the  new  structure. 

Immediately  up  stream  from  the  viaduct,  for  a  distance  of  about 
250  ft.,  the  clay  was  supposed  to  be  sufficiently  hard  to  carry  the 
weight  of  the  sewer.  After  the  arch  had  been  constructed,  however, 
and  the  back-filling  from  the  cableway  piled  in  a  high  ridge  along 
and  over  the  sewer,  it  was  discovered  that  there  were  cracks  in  both 
the  crown  and  the  invert  of  the  sewer.  The  arch  cracked  for  a 
distance  of  about  300  ft.,  the  invert  for  a  distance  of  about  100  ft 
There  were  also  a  few  other  cracks  extending  several  feet  from  the 
crown  on  either  side.  As  soon  as  this  was  discovered,  the  depth  of 
the  foundation  was  increased  until  an  extra  depth  of  about  3  ft.  oi 
concrete,  or  a  total  of  5  ft.  was  reached,  after  which  there  was  no 
cracking. 
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Work  was  carried  on  continuously  through  the  winter  of  1900 
and  1901,  and  connection  at  Brevier  Street  was  made  on  March  7th, 
1901,  thus  completing  the  work  of  Messrs.  Bramley  and  Oribben, 
with  the  exception  of  the  portion  in  tunnel  under  the  tracks  of  the 
''Big  Four  Railway.'' 


Tunnel  under  '*Big  Four  Railway." 

Where  the  sewer  intersects  the  C,  C,  C.  and  St.  L.  Railway,  it 
was  planned  and  contracted  for  on  the  expectation  that  the  railway 
would  support  its  tracks  over  the  trench,  upon  temporary  trestle- 
work.  On  account  of  serious  differences  between  the  railway  and 
the  city,  it  became  necessary  to  build  about  190  ft.  of  the  sewer  in 
tunnel.  This  tunnel  proved  to  be  one  of  the  most  difficult  parts  of 
the  entire  work. 

Under  special  resolution  of  the  City  Council,  a  supplemental 
agreement  was  made,  under  which  the  contractor  was  to  do  the 
work  for  cost,  plus  16%  for  profit  and  use  of  equipment.  Accord- 
ingly, work  was  begun  about  August  9th,  1900;  it  was  completed 
on  July  1st,  1901. 

The  location  of  the  tunnel  and  of  the  short  sections  of  open  cut- 
ting at  each  end  are  shown  in  Fig.  9. 

The  length  of  the  tunnel  proper  is  144  ft.,  with  16  ft  of  open  cut 
at  the  east  end  and  32  ft.  at  the  west  end,  making  a  total  len^h  of 
192  ft.  The  tunnel,  as  designed  and  built,  is  shown  by  Fig.  10, 
which,  with  only  slight  modification,  was  adhered  to  throughout. 

As  soon  as  the  pit  at  the  east  end  had  been  sunk  and  a  grillage 
in  the  bottom  laid,  the  work  of  tunneling  was  begun  and  carried  on 
by  10-hour  night  and  day  shifts. 

The  side  tunnels  were  commenced  about  September  5th  and  com- 
pleted about  December  19th,  1900.  The  ground  penetrated  was 
treacherous  in  the  extreme,  the  surface  of  tlie  ground- water  being 
near  the  springing  line  of  the  sewer.  Above  this  level  the  material 
was  a  very  fine,  dry  sand,  which  required  the  closest  lagging  and 
bulkheading  as  the  work  progressed.  In  fact,  the  sand  sifted 
through  the  cracks  in  the  planking  so  badly  that  in  many  places 
they  had  to  be  caulked  with  hay.  Below  the  ground-water  level 
the  soil  changed  more  to  a  soft,  silty  substance  which  resembled 
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wet  quicksand  and  which,  to  prevent  caving,  required  even  greater 
precautions  than  the  dry  material  above. 

The  timbering  used  consisted  of  10  by  10-in.  sets  with  2-in.  lag- 
ging. The  sets  were  spaced  3  ft.  apart  from  center  to  center,  and 
were  framed  so  that  the  side  struts  for  the  roof  heading  rested 
directly  on  the  apex  joints  of  the  top  drifts  of  the  two  side  timnels. 
Of  course,  care  was  taken  to  place  the  timbers  of  the  side  tunnels 
opposite,  so  that  the  timbers  of  the  roof  tunnel  would  come  trans- 
verse to  the  center  line. 

After  the  top  heading  of  each  side  tunnel  was  driven  in  some 
distance,  the  middle  drift  was  carried  forward,  and,  still  later,  the 
bottom  drift.  As  a  rule,  only  one  face  in  each  side  tunnel  was 
worked  at  a  time. 

The  method  of  supporting  the  timbering  of  the  upper  headings 
while  the  next  lower  heading  was  being  driven  is  of  some  interest. 
For  example,  the  side  struts  for  the  top  heading  were  carried  on  a 
3  by  10-in.  mud-sill,  the  timber  set 
appearing  as  in  Fig.  11. 

Two  methods  were  used  for  hold- 
ing up  the  upper  timbers,  the  first 
being  as  follows:  A  10  by  10-in. 
cross-brace  was  fitted  between  the 
lower  ends  of  the  side  posts  and 
immediately  above  the  mud-sill, 
and  held  down  by  heavy  cleats 
at  the  ends.  Longitudinal  tim- 
bers were  then  slipped  under  the  mud-sill,  the  advance  ends  of  the 
timbers  being  carried  on  the  ground  floor  of  the  top  drift  and  the 
rear  ends  upon  jacks  which  rested  on  the  floor  of  the  lower  drift. 
By  turning  up  on  the  jacks,  the  weight  of  the  upper  drift  was  carried 
entirely  upon  the  two  longitudinal  timbers.  The  ends  of  the  mud- 
sill were  then  sawed  off  and  the  next  lower  section  of  the  side  struts 
inserted  and  carried  upon  a  new  mud-sill.  The  jacks  were  then 
removed  and  the  10  by  10-in.  cross-timber  was  driven  down  to  cover 
the  joint,  as  shown  by  Fig.  12.  The  finished  appearance  of  the 
timber  sets  of  the  two  upper  drifts  is  shown  in  Fig.  13.  The  second 
method,  and  one  which  was  adopted  for  most  of  the  work,  was 
superior  to  the  one  described,  and  is  as  follows:     The  longitudinal 
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timbers  w«re  laid  on  top  iimtead  of  under  tbe  mud-sill.  The  ad- 
vanoe  end  of  the  timbers,  as  before,  rested  upon  the  floor  of  the 
upper  drift,  and  the  rear  ends  were  carried  on  the  top  of  the  croas- 
brace  of  a  completed  bent  of  tunnel  timbering.  Chaina  were 
wrapped  around  the  cross-brace  and  timbers,  and  the  weight  was 
carried  by  wedging  up  under  the  chains.  In  this  way  two  benta  of 
upper  timbers  were  supported.  The  method  ia  illustrated  in  Fig.  11. 
About  midway  in  the  tunnel  an  old  Btone  culvert  was  encoun- 


tered, which  extended  diagonally  across  the  work.  The  culvert 
was  supported  upon  a  solid  layer  of  transveree  12  by  12-in.  oak 
timbeiB,  with  a  flooring  of  3  by  12-in.  oak  longitudinal  planking. 
Old  stumps  were  also  frequently  encountered.  These  were  invari- 
ably very  hard  and  sound.  The  old  culvert  and  the  stumps  were  a 
great  annoyance,  and  impeded  progress  seriously. 

The  roof  tunnel  was  driven  after  the  aide  tunnels  had  been  com- 
pleted. Work  on  this  drift  was  begun  on  December  20tb,  1900,  and 
finished  on  February  23d,  1901.  On  account  of  the  caving  nature 
of  the  ground,  the  face  was  bulkheaded  in  three  parts — a  middle 
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and  two  side  sections.  The  bulkheads  for  each  of  these  sections  were 
pushed  forward  about  8  ft.  and  braced  in  position.  Only  enough 
of  the  earth  at  the  roof  was  mined  out  to  allow  the  roof  timber  and 
the  side  inclined  posts  to  be  set.  In  this  way  the  roof  was  secured 
and  the  bottom  part  of  the  heading  mined  out  in  safety.  As  soon 
as  the  floor  level  was  reached,  the  middle  prop  was  placed. 

The  west  open  cut,  lying  at  the  foot  of  the  railway  embankment, 
was  begun  in  January,  1901,  and  roofed  over  with  planking.  The 
broken  stone  and  sand  from  the  siding  were  shoveled  through 
chutes  from  the  cars  directly  upon  the  plank  bottom  of  the  excava- 
tion, where  they  were  mized  and  shoveled  or  wheeled  into  place.  The 
large  amount  of  timber  bracing  in  the  open  cut  and  in  the  tunnels 
interfered  greatly  with  the  movements  of  the  men,  and  some  changes 
had  to  be  made  in  the  timbering  from  time  to  time  to  make  passage- 
ways. The  concrete  for  the  side  tunnels  was  wheeled  in  from  the 
west  end  and  packed  tightly  about  all  the  timbering.  That  for  the 
side  walls  was  dumped  from  a  plankway  laid  along  the  floor  of  the 
upper  drift  of  the  side  tunnels. 

The  concrete  sides  were  carried  up  to  a  radial  plane  14^  above 
a  horizontal  through  the  middle  of  the  sewer.  These  planes  in- 
clined from  the  extrados  of  the  arch  downward  and  inward  on  a 
slope  of  1  vertical  to  4  horizontal. 

The  remainder  of  the  arch  was  built  of  shale-brick  masonry  laid 
in  l:2i  Portland-cement  mortar.  The  bricks  were  ranged  in 
Flemish  bond,  as  already  described  for  the  arch  of  the  sewer  in  open 
cut.  In  the  tunnel,  however,  the  brickwork  was  carried  out  to  a 
full  bearing  against  all  roof  timbers.  The  spaces  between  the  tim- 
ber sets  were  packed  with  earth.  The  spaces  between  the  vertical 
aide  posts  were  built  in  solid  with  brick  masonry. 

The  centering  consisted  of  three  layers  of  2  by  12-in.  planks 
bolted  together,  forming  ribs  6  in.  thick,  without  any  radial  or 
cross-bracing.  The  outer  layers  of  planking  were  one-flfth  of  a 
semi-circle  in  length  and  the  middle  thickness  one-third  of  a  semi- 
circle. The  ribs  were  bolted  together  in  three  sections,  and  were 
thus  easily  taken  down  and  re-erected.  From  20  to  40  ft.  of  cen- 
tering were  set  up  at  a  time,  with  the  ribs  spaced  about  3  ft.  apart, 
80  as  to  clear  the  tunnel  timbering. 

After  the  brickwork  of  the  arch  was  built  up  to  the  inner  roof 
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timbers  of  the  side  tunnels,  screw  jacks  were  set  upon  the  arch  liba 
just  above  the  inner  rafters  of  the  side  tunnels.  They  were  then 
turned  up  until  the  inner  rafter  was  loosened  and  removed,  when, 
the  brickwork  was  continued,  giving  full  support  to  the  inclined 
roof  timber  of  the  central  tunnel  as  it  progressed.  As  soon  as  the 
brickwork  passed  the  joint  between  the  two  inclined  roof  timbers, 
the  jack  was  removed  and  the  entire  weight  carried  upon  the  center- 
ing. The  timber  ribs  were  so  stiff  that  no  appreciable  settlement 
could  be  detected  when  the  full  weight  of  the  tunnel  roof  was  trans- 
ferred to  them. 

The  arch  was  keyed  by  the  use  of  jack-lagging  in  the  ordinary 
manner.  As  the  vertical  props  in  the  roof  timnel  were  encoim- 
tered,  they  were  sawed  in  two  and  removed. 

The  excavation  of  the  core  was  begun  on  April  20th  and  finished 
on  May  9th,  1901.  An  elevator  for  mine  cars  was  erected  in  the 
shaft  at  the  east  end  and  the  earth  was  removed  by  these  ears  and  a 
tram  track  on  the  floor  of  the  excavation.  The  cross-braces  of  the 
side  tunnels  were  left  built  solidly  into  the  concrete  of  the  sides, 
and  their  ends  protrude  through  the  side  walls.  On  account  of  soft 
foundations,  the  excavation  for  the  entire  tunnel  work  was  carried 
from  1  to  3  ft.  deeper  than  would  otherwise  have  been  necessary. 

The  concrete  for  the  foundation  under  the  invert  was  put  in 
place  by  building  a  tram  track  upon  timbers  laid  across  the  sewer  at 
about  the  level  of  the  lower  tier  of  protruding  timbers  shown  in 
Fig.  2,  Plate  LXXXTX.  The  concrete  was  brought  down  in  cars 
and  dumped  into  the  bottom  from  this  track.  The  work  was  carried 
on  from  the  farther  end  of  the  tunnel,  working  backward  toward 
the  shaft.  The  protruding  timbers  were  then  cut  of!  far  enough 
back  to  permit  the  brick  lining  of  the  tunnel  to  be  laid.  After  all 
the  masonry  had  been  completed  in  the  tunnel,  the  portion  of  the 
sewer  in  open  cut  at  the  east  end  was  built  up,  thus  completing  the 
tunnel. 

Progress  reports  and  book  accounts  of  the  expenses  of  the  work, 
kept  in  the  engineer's  office,  have  made  it  possible  to  compile 
Table  6,  showing  approximately  the  cost  of  the  principal  parts  of 
the  work.  The  costs  shown  in  Table  6  are  for  labor  only,  but,  in 
the  case  of  the  tunnel  excavation,  they  include  the  cost  of  framing 
and  putting  all  timberwork  in  place,  and,  in  the  case  of  the  core 
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excavatioD,  the  removal  of  the  central  part  of  the  tunnel  timbering. 
The  costs  for  the  masonry  and  concrete  include  the  cost  of  engineers 
and  watchmen  on  the  railway  tracks,  and  other  expenses  in  and 
about  the  work  during  the  time  it  was  in  progress.  It  was  not 
possible  to  be  very  accurate  in  any  of  the  figures,  for  the  reason  that 
there  was  at  times  doubt  as  to  what  part  of  the  work  certain  expenses 
should  be  charged.  The  shifting  of  workmen  from  one  part  to  an- 
other at  irregular  intervals  also  led  to  some  confusion,  but  the 
figures  given  are  as  nearly  correct  as  can  ordinarily  be  obtained  for 
work  of  such  character. 

TABLE  6. 


(terns. 

Quantities. 

Cost  per  Yard. 

Excavation  in  side  drifts 

1  706.67  cu.  yd. 
617.87   "     "■ 
499.84    •*     " 
572.97    "     " 

1096.10    "     ** 
611.15    *'     •* 

S5.72 

KxcftvatloT)  In  rf^nter  drift 

6.01 

Core  excavation 

1.25 

Excavation  in  west  onen  cut 

1.84 

Concrete,  labor 

1.86 

Aprth  niAJH>nry 

5.46 

Total  cost 

$19  400.28 

In  explanation  of  the  high  cost  of  the  west  open  cut,  it  may  be 
stated  that  the  material  was  very  sticky,  wet  clay,  and,  owing  to  the 
width  and  depth  of  the  excavation,  required  from  six  to  eight  men 
in  line  to  scaffold  it  out.  The  cost  of  labor  for  the  arch  masonry 
included  the  cost  of  bringing  the  materials  into  the  tunnel,  storing 
them  during  the  cold  weather  and  rehandling  them  when  the 
masonry  was  built. 

The  entire  tunneling  operations  were  carried  on,  under  the  direc- 
tion of  the  engineer  in  charge,  by  a  force  of  tunnelmen  who  had  had 
much  experience  in  other  tunnels  in  Cleveland  and  elsewhere. 


Construction  of  Section  5,  or  the  Outlet  Section. 

As  a  length  of  430  ft.  at  the  outlet  was  not  let  until  after  most  of 
the  upper  portions  of  the  work  had  been  constructed,  some  changes 
were  made  in  the  masonry  for  this  portion.  These  changes  were 
all  made  for  the  sake  of  economy,  and  not  because  of  faults  in  the 
portions  already  built. 
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During  the  preceding  three  years,  the  cost  of  brick  masonry  for 
sewers  had  increased,  while  the  cost  of  both  natural  and  Portland 
cement  had  decreased.  The  outlet  section,  therefore,  was  con- 
structed almost  entirely  of  concrete.  Natural-cement  concrete  was 
used  for  the  foundations  and  up  to  the  center  of  the  sewer  at  the 
sides.  The  archwork  above  the  center  was  built  of  Portland-cement 
concrete  with  an  inside. layer  of  header  and  stretcher  brickwoxk. 
The  lining  of  the  invert  is  of  the  hardest  shale  brick,  the  same  as 
for  other  portions  of  the  work.  The  arch  was  built  with  a  paper 
and  thin  Portland-cement  mortar  lining,  as  for  the  other  portions 
of  the  sewer. 

On  account  of  the  soft  foimdations  and  large  extra  quantity  of 
concrete  that  became  necessary  in  Section  4,  a  pile  foundation  was 
used  for  all  the  outlet  sections. 

Except  for  the  central  portion  of  the  sewer,  the  piles  are  2.5  ft 
from  center  to  center,  and  staggered.  This  arrangement  makes  the 
rows  about  2.2  ft.  apart,  and  the  calculated  weight  upon  each  pile 
ranges  from  15  to  18  tons. 

For  the  central  portion,  where  the  weight  sustained  is  less,  the 
distances  between  the  rows  remain  the  same,  but  the  piles  in  each 
row  are  spaced  3  ft.  apart,  with  the  piles  staggered. 

This  section  was  awarded  to  Messrs.  W.  C.  Gayer  and  Company, 
of  Cleveland,  and  was  begun  about  October,  1900.  The  specifica' 
tions  required  the  contractor  to  include  all  cost  of  supporting  the 
railroad  tracks  in  the  items  of  sewer  construction.  As  a  conse- 
quence, there  was  a  great  diversity  of  opinion  among  the  varioufl 
bidders  as  to  the  allowance  therefor.  Some  placed  it  on  one  item 
and  some  on  another. 

Table  7  shows  the  quantities  and  contract  prices. 

The  contractors  did  not  install  cable  machinery,  as  had  been 
done  for  the  preceding  sections.  The  westerly  portion,  or  up 
stream  from  the  railway  tracks,  was  taken  out  with  wheel  and  slip- 
scrapers,  assisted  near  the  bottom  of  the  excavation  by  an  engine 
and  long  cable. 

On  account  of  water,  the  excavation  was  carried  to  within  about 
4  ft.  of  the  finished  subgrade  when  the  work  of  pile-driving  was 
begun.  The  sides  were  supported  by  cross-braces  and  by  round 
piling,  driven  along  the  margins  of  the  trench,  about  5  ft.  from 
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center  to  center.  As  the  earth  was  removed,  horizontal  planking 
was  inserted  behind  the  piling.  A  portion  of  the  foundation  piling 
was  driven  by  the  use  of  a  long  iron  follower  with  the  pile-driver  in 
an  elevated  position,  but  it  was  found  that  nearly  double  the  work 
could  be  done  by  placing  the  driver  in  the  bottom  of  the  ditch. 


TABLE  7. — Quantities  and  Coni-hact  Prices. 


Szcavation 

No.  1  shale-brick  masonry 

No.2     *'        "  "       

Portland-cement  concrete 

Natural         *'  "       

Aahlar  masonry 

Sill  blocks 

Rubble  masonry 

Steel  j^rders 

Oak  flooring 

Puddle 

Wrought  Iron  

Oak,  tongued  and  grooved,  sheet-piling. . . 

Waling  and  bracing  for  coif er-dam 

Foundation  piling 

Coffer-dam  piling 

Sheeting  and  bracing 

Catch  basins 

Catch-basin  pipe,  12-in 

Cast-iron  inlet  covers 

Cast-iron  manhole  covers 


Estimated 
Quantities. 


82  000  cu.  yd. 

14  kk 


1 

4 


100 

20 

900 

800 

320 

100 

96 

880  000 

50  000 

500 

11000 

72  000 

26  000 

85  000 

8000 

75  000 

2 

40 

900 

800 


t4 

41 
44 
44 


cu.  ft. 

cu.  yd. 

lb. 

ft.,  B.  M. 

cu.  yd. 

lb. 

rt.,  B.  M. 

44  44 

ft. 
ft. 

ft.,  B.  M. 


lb. 
lb. 


Total  of  contract. 


Unit 
Prices. 


$1.86 
9.00 
8.00 
7.00 
4.50 

10.00 
2.00 
8.00 
0.06 

80.00 
8.00 
0.16 
100.00 
100.00 
0.26 
0.50 

20.00 

80.00 
1.00 
0.04 
0.04 


Amounts. 


127  600.00 

9900.00 

160.00 

18  800.00 

19  860.00 
8  900.00 

800.00 

780.00 

14  000.00 

1600.00 

1000.00 

1660.00 

7  800.00 

8  500.00 
21260.00 

1500.00 
1600.00 
00  00 
40.00 
88.00 
82.00 


$186  688.00 


In  order  to  test  the  stability  of  the  foundation  and  the  supporting 
I>ower  of  the  piles,  a  test  pile  was  loaded  with  pig  iron.  No  appre- 
ciable settlement  occurred  under  a  load  of  25  tons,  and  the  driving 
of  other  piles  5  ft.  distant  caused  the  loaded  pile  to  rise. 

Where  the  sewer  passes  under  the  upper  set  of  railway  tracks, 
there  was  considerable  difficulty  in  making  the  excavation  and  driv- 
ing the  piling  for  the  foundation.  The  railway  company  supported 
the  most  westerly  track  by  using  one  of  the  55-ft.  steel  plate  girders 
for  the  50-ft.  channel  at  the  outlet.  The  second  track  was  sup- 
ported on  an  80-f  t.  plate  girder,  and  the  next  two  tracks  were  carried 
on  100-ft.  steel  through  trusses;  these  trusses  and  the  80-ft.  plate 
girder  were  old  bridges  which  the  railway  company  had  on  hand. 
As  the  contract  required  that  all  cost  of  bridging  the  railway  tracks 
was  to  be  included  in  the  various  items  bid  upon  the  work,  the  con- 
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tractor  made  his  own  arrangements  for  placing  and  removing  these 
structures.  After  the  sewer  was  built,  the  earth  was  filled  in  for 
the  most  part  by  dumping  through  the  bridging  from  cars  on  the 
railway  track.  A  portion  of  the  filling,  however,  was  scraped  in 
from  the  west  side  with  teams. 

The  pile-driving  under  the  bridges  supporting  the  railway  tracks 
was  particularly  tedious  and  difficult.  The  piles  were  in  25-ft. 
lengths,  as  longer  ones  could  not  be  handled.  The  excavation  was 
made  with  sloping  banks,  in  preference  to  using  vertical  sheeting 
and  bracing,  and  marginal  piles  were  driven  to  support  the  bridges 
and  prevent  the  banks  from  caving.  The  vibrations  caused  some 
settlements,  and  the  work  required  careful  watching  to  prevent  acci- 
dents to  trains  passing  overhead. 

The  piling  was  cut  ofii  to  a  subgrade  and  embedded  1  ft.  in  the 
foundation  concrete.  After  the  side  waUs  were  built  and  the  arch 
centering  placed  for  the  portions  under  the  bridges,  a  cubical  con- 
crete mixer  was  erected  on  an  elevated  platform.  The  materials 
were  supplied  to  the  mixer  by  derricks,  and,  when  mixed,  the  con- 
crete was  delivered  to  tram  cars  operated  on  top  of  the  arch  cen- 
tering. 

The  site  of  the  cojffer-dam  was  roughly  excavated  by  a  river 
dredge.  Most  of  the  sheet-piling  for  the  coffer-dam  was  driven 
during  the  fall  and  early  winter  of  1900.  Wakefield  sheet-piling  of 
three  thicknesses  of  2-in.  elm,  maple  or  beech  planking  was  substi- 
tuted for  6-in.  tongued  oak  timber  sheeting,  the  contractor  accepting 
$15  per  thousand  less  than  the  contract  price. 

The  structure  was  braced  and  tied  as  called  for  in  the  plan  for 
the  part  above  the  water  line,  but  the  cross-bracing  and  bolting  below 
the  water  line,  on  account  of  the  difficulty  in  placing  it,  was  omitted. 
During  the  spring  of  1901,  the  space  between  the  inner  and  outer  rows 
of  sheet-piling  was  filled  with  blue  clay  dredged  from  the  river  bottom. 
Later,  when  the  coffer-dam  was  pumped  out,  it  was  found  that  many 
of  the  round  piles  in  the  inside  row  had  been  seriously  bent,  and 
several  of  them  broken,  by  the  pressure  of  the  puddle.  It  was 
evident  from  the  indications  that  the  failure  occurred  before  the 
water  was  pumped  out  of  the  dam,  which  showed  that  the  pressure 
of  the  puddle  wall  was  much  greater  than  that  of  the  water.  If  the 
plan  had  provided  for  strong  metal  ties  below  the  water  line  to 
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prevent  the  inner  and  outer  walls  of  sheet-piling  from  spreading, 
the  failure  could  not  have  occurred.  On  the  other  hand,  if  the  bolts 
and  waling  timbers  below  the  water  surface,  called  for  by  the  plan, 
had  been  provided  in  the  structure  as  built,  this  defect  would  not 
have  been  discovered  at  all,  or  would  have  been  much  less  serious. 
Aside  from  this  defect,  the  plan  fulfilled  all  the  requirements.  No 
serious  leaks  occurred,  and,  by  interior  bracing,  the  bent  and  broken 
piles  were  sustained  in  position. 

The  foundation  piles  were  driven  by  carrying  the  driver  upon 
interior  cross-braces  and  timbers,  all  of  which  were  supported  upon 
temi)orary  piles  standing  at  an  elevation  about  5  ft.  above  the  water 
level.  A  follower  was  used  to  force  the  piles  down  to  the  proper 
grade,  but  was  a  source  of  endless  trouble,  as  timbei:8  were  soon 
splintered  and  several  iron  followers  were  broken.  The  spacing  of 
the  piles,  too,  was  very  irregular,  and  this  method  of  driving  is  not 
recommended,  either  from  the  standpoint  of  the  city  or  the  con- 
tractor. Much  more  rapid  and  satisfactory  progress  was  made 
where  the  pile-driver  could  be  set  down  close  to  the  work. 

TABLE  8. — Total  Cost*  of  Sections  of  Walworth  Sewer^  Com- 
pleted BT  Messrs.  Bramlet  and  Gribben,  Contraotobs. 

SacTioK  2. 

Regular  Items $SS8  98B.S8 

Extra  items 678.88 

''      excavatioii  ordered  by  Director  P.  W .  Warden 1  406.48 

"     concrete  "        "  "       *'    '*  "      6  848.88 

Tunnel  under  C,  C,  C.  ft  St.  L.  Railway 48  174.78 

$877  788.88 

SaoTiOM  8. 

Regular  items $168  967.88 

Extra  items 16  218.81 

179 170. 19 

Sbction  4. 

Regular  items $188  491.01 

EAtk  items 6  448.64 

189  969.56 

Grand  Total $696  879.67 


The  concrete  for  all  the  foundations  within  the  coffer-dam  was 
made  with  Portland  cement.  The  channel  and  waUs  were  built  up 
as  shown  on  the  plans  without  any  difficulty.  The  terminal  but- 
tresses on  each  side  of  the  channel  are  of  solid  Portland-cement 

*  This  Statement  Is  Incomplete;  the  .final  flfcures  will  be  added  before  the  paper 
appears  in  Ttantactions 
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oonciete,  and  make  very  strong  and  suitable  protection  against  snub- 
bing from  passing  vessels. 

The  steel  bridging  was  sublet  to  the  King  Bridge  Company,  of 
Cleveland,  and  was  erected  without  any  incident  of  interest.  The 
bridge  seats  were  of  Portland-cement  mortar,  instead  of  cut  stone, 
as  provided  in  the  plan,  and  produced  a  result  superior  to  stone. 
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AN    EXAMPLE    OP   THE    LEGITIMATE    USE    OF 
WATER  FOR  DOMESTIC  PURPOSES. 


By  K.  F.  Cooper^  Jun.  Am.  Soc.  C.  E. 
To  BE  Presented  October  18th^  1905. 


The  question  as  to  what  constitutes  a  legitimate  supply  of  water 
for  domestic  purposes  is  one  in  which  every  water-supply  engineer 
and  every  water-works  official  is  interested.  The  following  facts 
and  figures  relate  to  the  quantity  of  water  used  at  the  Lick  Ob- 
servatory, and  show  the  effect  of  proper  regulation,  and  of  the  will- 
ing co-operation  by  consumers,  on  the  quantity  used,  and  how  a 
somewhat  limited  supply  is  made  to  fulfill  all  requirements. 

The  Lick  Observatory  is  situated  on  Mt.  Hamilton,  a  peak  in 
the  Coast  Range,  in  Santa  Clara  County,  California.  Its  elevation 
is  4  209  ft.;  mean  annual  temperature,  52^;  the  coldest  month  is 
January,  with  a  mean  temperature  of  40^;  the  warmest  month  is 
July,  with  a  mean  temperature  of  69^;  and  the  mean  annual  rain- 
fall is  about  32  in.,  more  than  two-thirds  of  which  falls  in  December, 
January,  February  and  March.  July  and  August  are  usually  dry 
and  cloudless. 

The  observatory  is  maintained  by  the  State  of  California,  in 
connection  with  the  State  University.    The  population  at  the  ob- 

NOTB. — ^These  papers  are  issued  before  the  date  set  for  presentation  and  dis- 
cussion. Correspondence  is  inyited  from  those  who  cannot  be  present  at  the 
meeting,  and  may  be  sent  by  mall  to  the  Secretary.  Discussion,  eittier  oral  or 
written,  will  be  published  in  a  subsequent  number  of  Froceedinffa,  and,  when 
Anally  closed,  the  papers,  with  discussion  in  full,  will  be  published  in  Transactions. 
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servatory  averages  62  people,  and  consists  of  the  astronomers,  assist- 
ants, machinists  and  laborers,  with  their  families.  The  dwelling, 
for  the  most  part,  are  cottages  of  from  four  to  ten  rooms.  There 
are  nine  families  and  mess  associations. 

Two  separate  water  systems  are  in  use.  One,  a  rain-water  sys- 
tem, is  used  only  for  fire  protection  and  for  devdoping  hydraulic 
power  used  in  the  operation  of  the  large  telescope  and  the  platform 
on  which  it  is  mounted.  This  system  will  not  be  considered  herein. 
The  other,  the  ordinary  domestic  supply  system,  consists  of  springs 
down  on  the  side  of  the  mountain,  from  which  the  water  is  pumped 
to  two  brick  and  cement  tanks,  each  having  a  capacity  of  80  000  gal. 
These  tanks  are  placed  on  a  peak  to  the  east  of  the  observatory,  and 
are  400  ft.  above  the  source  of  supply  and  66  ft.  above  the  level  of 
the  houses.  A  full  and  careful  record  of  the  quantity  of  water 
pumped  to  these  tanks  has  been  kept  for  a  number  of  years.  This 
quantity  is  computed  from  gauge  readings  in  the  tanks.  These 
tanks  are  tight  and  well  covered,  so  that  the  evaporation  and  leakage 
amount  to  little.  The  average  yearly  pumpage  is  660  000  gal.,  or 
an  average  of  1  780  gal.  per  day. 

As  the  supply  is  not  great,  the  consumption  and  waste  have  to 
be  looked  after  very  carefully.  The  main  carrying  the  water  from 
the  tanks  to  the  point  of  distribution  is  an  ordinary  2i-in.  iron  pipe, 
and  is  i  mile  long.  There  is  practically  no  leakage  from  this  pipe 
and  its  connections.  The  Director  of  the  observatory  has  complete 
charge  of  the  system,  and  the  rules  governing  the  use  of  water  have  to 
be  strictly  observed.  Any  defects  in  plumbing  are  reported  and  re- 
paired at  once.  As  the  consumers  are  interested  in  preventing 
waste,  regulation  is  comparatively  easy.  The  water  is  furnished 
free  to  consumers,  without  any  meters  or  other  regulating  devices. 
Seventeen  bathrooms  are  in  use,  and  in  each  of  them  are  stationary 
wash-stands  and  closets;  three-quarters  of  all  the  bed-rooms  have 
running  hot  and  cold  water;  and  the  laundries  are  also  provided 
with  running  hot  and  cold  water.  Wash-rooms  and  closets  are  pro- 
vided for  the  six  thousand  or  more  tourists  visiting  the  observatory 
annually.  A  large  proportion  of  the  total  water  supply  from  the 
springs  is  used  for  photographic  purposes.  Some  water  is  used  in 
the  operation  of  a  gasolene  engine,  in  the  machine  shop,  in  the 
occasional  operation  of  a  steam  wood-saw,  and  for  the  six  horses 
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used  in  the  work  about  the  plaoe.  Practically  all  the  laundering 
for  the  inhabitants  is  done  on  the  mountain.  During  the  stunmer 
there  is  some  sprinkling  and  irrigation.  It  will  thus  be  seen  that, 
with  the  exception  of  the  unusually  large  proportion  used  for 
photography,  the  conditions  approximate  very  closely  to  those  in 
small  towns  and  in  the  residence  portions  of  some  cities. 

Of  the  650  000  gaL,  average  yearly  pumpage,  from  one-fourth  to 
one-third  is  used  for  photographic  purposes.  Deducting,  say,  30% 
for  the  quantity  used  in  photography,  a  use  entirely  distinct  from 
any  domestic  purpose,  there  remain  455  000  gal.  as  the  average 
yearly  consumption  of  52  i)eople,  or  a  total  of  1 248  gaL,  or  24  gaL 
l)er  capita  per  day.  This,  as  before  stated,  includes  the  quantity 
used  for  sprinkling,  which  amounts  to  about  5%  of  the  total,  or,  say, 
32  000  gal.  per  year;  also  that  used  for  engines,  horses,  and  by 
visitors.  The  actual  consumption  for  domestic  purposes  is  probably 
not  more  than  20  gal.  per  capita  per  day.  The  rate  of  consumption 
is  about  the  same  during  the  whole  year;  the  users  are  more  careful 
of  the  water  in  the  siunmer,  but  more  is  then  used  for  the  laundry 
and  for  bathing.  There  is  little  if  any  restriction  in  the  legitimate 
use  of  the  water.  All  that  is  needed  can  be  used,  but  actual  waste 
is  almost  entirely  eliminated. 

These  facts  are  worthy  of  si>ecial  notice  only  becaiise  the  con- 
ditions of  use  approximate  those  in  portions  of  most  towns  and 
some  cities;  because  they  give  authoritative  figures  on  what  con- 
stitutes legitimate  use  under  the  conditions  represented;  and  be- 
cause they  show  what  can  be  done  toward  preventing  waste  by  in- 
telligent regulation  and  the  willing  co-operation  of  the  consumers. 
The  information  was  obtained  through  the  courtesy  of  Dr.  W.  W. 
Campbell,  Director  of  the  Observatory. 

The  foregoing  statements  are  summarized  in  Table  1. 

In  considering  the  per  capita  quantities  in  Table  1,  it 
should  be  borne  in  mind  that  the  service  includes  a  much  larger 
number  of  taps,  proportionally,  than  is  usual.  The  proportion  of 
bath-tubs,  one  to  every  three  persons,  is  also  unusually  large. 

The  6  000  tourists  per  year,  not  taken  into  account  in  Table  1, 
must  also  use  a  very  appreciable  quantity  of  the  water.  Their 
average  number  is  16.5  persons  daily,  with  a  use  of  water  equivalent 
to  perhaps  5  persons.    All  tourists,  also  all  provisions,  freight,  and  a 
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daily  mail,  are  brought  to  the  observatory  by  teams,  and  these,  ako, 
must  increase  the  water  consumption  appreciably. 


TABLE  !• — ^Water  Supply  op  Lick  Observatory,  Exclusive  op 

Eire  Protection  and  Power  Purposes. 

(Resident  Population  Averages  52  Persons.) 


Quantity  Consumxd,  in  Oallovs. 

Consumption  for: 

Per  year. 

Per  day. 

Per  capita  of  resident 
population  daily. 

All  purposes 

660  000 
466  000 
879  000 

1  7«0 
1  MS 
1  040 

84.8 

All  purposes,  except  photography 

Ordinary  domestic  uses  (estimated only). 

84.0 
90.0 

It  is  probable,  therefore,  that  after  eliminating  all  excess  uses 
of  water  at  Lick  Observatory,  for  purposes  not  usual  in  such  large 
proportions  in  most  towns  and  cities,  the  quantity  remaining  for 
the  usual  domestic  and  town  purposes,  exclusive  of  fire  protection, 
will  not  exceed  20  gal.  daily  per  capita  of  resident  population. 
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A  FEW  POINTS  IN  THE  DESIGN  OP  REINFORCED 

CONCRETE  ARCHES, 

Discussion.* 


By  William  Cain,  M.  Am.  Soc.  C.  E. 


WiLLUM  Cain,  M.  Am.  Soo.  C.  E.  (by  letter), — The  author's  Mr.  Gain, 
formulas,  relative  to  locating  the  true  closing  line  of  the  trial 
equilibrium  polygon  for  an  arch,  to  satisfy  the  conditions,  2  t  =  0, 
2  t  x  =  0,  are  of  interest  and  value.  The  resulting  work  is  slightly 
briefer,  however,  if,  taking  a  hint  from  the  method  used  for  fixing 
the  line,  Jc  h^,  we  put, 

E 
*     *         n  +  1 
which  method  is  used' in  Buel  and  Hill's  '^Reinforced  Concrete." 

In  Fig.  3,  let  v  B  v^^he  the  trial  equilibrium  polygon,  the  ordi- 
nates  being  supposed  to  be  placed  at  equal  or  unequal  distances 
apart.  Then,  treating  the  ordinates  from  i;  v^  to  the  equilibrium 
polygon  as  forces,  their  resultant,  R,  equal  to  the  sum  of  the  ordi- 
nates, is  found,  in  magnitude  and  position.  Suppose  B  acts  c  feet 
to  the  left  of  the  center  of  v  v^. 

If  there  are  n  divisions  of  v  v^  (nine  in  the  figure),  lay  off  on 
the  verticals  at  v  and  v^,  i;  n  =  v^  n^  =  22  -r-  (n  +  1),  and  draw  the 
lines,  n  n^  and  n  v^.    It  follows  that  the  sum  of  the  ordinates  in  the 

*  This  discussion  (of  the  paper  by  E.  R.  Leffler,  Assoc.  M.  Am.  Soc.  C.  E.,  printed  In 
Proceeding%  for  April,  1906),  is  printed  in  Proceedings  in  order  that  the  views  expressed 
may  be  brought  before  all  members  for  further  discussion. 

Communications  on  this  subject  received  prior  to  September  22d,  1906,  ¥rill  be  pub- 
lished subsequently. 
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Mr.  Cain,  triangle,  v  n  v^,  or  trial  T  =  jB  -h  2  =  the  sum  of  the  ordinates  in 
the  triangle,  v^  n  n^,  or  trial  T^,  since  B  =  (n  +  1)  v  n  =  the  sum 
of  the  ordinates  in  the  parallelogram,  vnn^v^.  The  position  of 
trial  T  is  found  hy  taking  moments  ahout  A.  (The  work  is  nearly 
donhled  when  moments  are  taken  ahout  any  other  point)  Suppose 
that  trial  T  is  found  to  act  (2  -|-  c)  feet  to  the  left  of  A,  then  trial 
1\  acts  an  equal  distance  (}^  —  c)  feet  to  the  right  of  A,  or  through 
t  and  t^,  respectively.  Therefore,  true  T  and  true  T^  act  also 
through  t  and  t^. 


♦^-o — ii— > 


T     R 


y, 


Fio.  8. 


Now,  since  R  is  the  resultant  in  magnitude  and  position  of  true 
T  and  true  T^,  we  have,  on  taking  moments  in  turn  ahout  t^  and  t, 
true  T  (l  +  \)  =  Rl^  =  2  trial  T  \ 
true  T^ll-\'l^)=-Rl   =2  trial  T^  I, 

true  T  _    2  ^^       true  T^  __    2  I 
triaTr  ""  r+Tj '  trial  Tj  ""  T+\^ 

B 


therefore, 


rrx.      *  true  T  2  /, 

Therefore,  v  m  =  -,  ^-^  v  n  =  — -» -  — — - 

tnal  T  Z  +  ?|  n  +  1 


I'j  m 


2? 


i? 


__  true  T;  ^       _ 


(1). 
(2). 


The  points,  m  and  m^,  having  thus  been  located,  the  true  closing 
line,  m  m^,  is  drawn. 

It  will  be  observed  that  by  this  method,  true  T  and  true  T^  do  not 
have  to  be  computed,  which  is  a  slight  gain. 

For  another  equilibrium  polygon,  corresponding  to  a  different 
loading,  R  and  c  must  be  found  as  before,  but  t  and  t^  remain  the 
same,  so  that  at  once  are  found,  I  =  At  —  c,l^^At^'\'C,  and 
Formulas  (1)  and  (2)  give  the  new  values  of  t;  m  and  v^m^ 
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The   foregoing  formulas   are  true,  whether  the  ordinates   are  Mr.  Cain, 
spaced  at  equal  or  unequal  distances  apart. 

Suppose,  next,  that  the  ordinates  are  h  feet  apart,  everywhere; 
then,  from  the  interesting  investigation  of  the  author  on  pages  274- 
275,* 

2^  +  1,     ,.,        n  +  2, 

A  .         4                             .         2n  +  l  ^       nh      (n  +  2)?i 
A  t  =  A  1^=  v^t  —  v^A=  3 —  h ^  =  ^^ — g-^. 

Therefore,  1^=^  At^  +  c=  q       ' 


and  I  =  A  t  —  c  = 


(n  +  2)  fc  —  6  c 
6 

On  substituting  these  values  of  I  and  l^  in  Formulas  (1)  and  (2),  we 
derive, 

(n  +  2)/t  +  6c      R  /     ^  6c       \      It 


V  m  = 


1  ■"   V    ^  (n  -h  2)  hJ 


(n  +  2)  h        n  +  1  ■"   V  (n  -h  2)  /i/  n  +  1' 

_  (n  +  2)fe  — 6c  R  _  A  _  6c  \  B 
'^i  ^  ~  (n+2)h  nT^i  "  \  (n  +  2)  h/ n  +  1' 
Since  R  and  c  are  known,  the  values  of  v  m  and  v^m^  can  be  at 
once  computed  and  laid  oft,  and  the  true  closing  line  drawn.  Note, 
here,  that  (n  +  2)  h  =  nh  +  2h  =  vVi-^2h,  Unfortunately, 
this  brief  method  will  rarely  be  applicable,  as  it  only  holds  for 
"(«  -^  EI)  constant,"  or,  approximately,  for  very  flat  arches  having 
everywhere  a  constant  cross-section. 

The  author  states,  relative  to  the  assumed  positions  of  the  live 
load  (for  maximum  stresses),  that  the  load  is  usually  made  to  cover, 
successively,  the  whole  span,  the  half  span,  one-fourth,  and  three- 
fourths,  of  the  span.  Perhaps  the  last  two  loadings  can  be  improved 
upon,  but  the  writer  has  no  conclusive  figures  to  offer.  However, 
some  insight  into  tiie  matter  can  be  gained  by  a  consideration  of  the 
loadings  giving  maximum  i  and  M  for  certain  bridges  which  have 
been  examined,  in  connection  with  the  formula  for  unit  stress  in  the 
concrete  at  the  upper  and  lower  edges  of  a  joint, 

T  .       Htv, 

^         A^  +  n  A^        Ii  +  n  1^ 
where  H  is  the  horizontal  thrust,  i  the  vertical  distance  from  the 
center  of  any  joint  to  the  side  of  the  equilibrium  polygon  pertain- 
ing to  it,  and  T  the  normal  component  of  the  thrust  on  the  joint. 

Since  the  remaining  quantities  are  constant  for  the  same  joint, 
we  can  write  for  any  joint, 

«!  =  c  r  ±  c'  jff  t 
where  c  and  c'  are  constants  for  any  one  joint.    By  using  subscripts 
to  c  and  c'  pertaining  to  the  joint,  the  formula  can  be  supposed  to 

♦  Proceedings,  Am.  Soc.  C.  E.,  for  April,  1905. 
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Mr.  Cain,  apply  to  any  joint.    Thus,  if  the  crown  is  Joint  0,  since,  then, 
T  =  H,  "we  can  write, 

*i  =  (c,  =fc  c'o  t)  E. 
The  object  is  to  find  that  position  of  the  load  which  makes  «j^  a 
positive  or  negative  maximum,  the  former  referring  to  compression, 
the  latter  to  tension.    The  variables  in  the  general  formula  are 
T,  H  and  t,  where  any  particular  joint  is  under  consideration. 

The  loadings  for  a  series  of  segmental  arches  of  constant  section, 
varying  from  12.5  to  150-ft.  spans,  the  rise  being  one-fifth  of  the 
span,  are  given  in  the  writer's  "Theory  of  Voussoir  Arches,"*  which 
make  t  a  maximum  at  certain  joints. 


Fia.  4. 


Thus,  in  Fig.  4,  representing  a  span  of  lOQ  ft.,  rise  20  ft.,  tiie  half 
span  of  the  center  line  of  the  arch  ring  was  divided  into  ten  equal 
parts,  and  verticals  were  drawn  through  the  points  of  division, 
meeting  the  roadway  at  0,  1,  2, . .,  10,  and  the  joints  on  these  ver- 
ticals are  similarly  marked.  Then  it  was  found,  for  the  joint  stated 
below,  that  the  maximum  departure  of  the  equilibrium  polygon  from 
the  center  of  the  joint  (maximum  t)  corresponds  to  the  position  of 
the  live  load  as  given. 

Joint.  Position  of  live  load. 

Eight  springing 0  to  10  (inclusive) 

Crown   4   "  10  " 

6 4    "  10  " 

6  4   "  10  " 

Left   springing 5   "10  " 


Also  at  Joint  3,  to  the  right  of  the  crown,  the  live  load  covered 
the  left  half  of  the  span  (0  to  10). 

It  is  evident  from  these  results,  that,  for  the  voussoir  arch,  at 
least  two  positions  of  the  uniform  live  load  should  be  tried,  one 
covering  half  the  span,  the  other,  say,  three-tenths  of  the  span  from 

•  Pages  129-189. 
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the  springing.    It  will  be  seen,  then,  whether,  at  the  critical  joints,  Mr.  Gain, 
the  centers  of  pressure  lie  within  proper  limits,  say,  the  middle  third. 

But,  for  such  loadings,  although  i  is  made  a  maximum,  it  does 
not  follow  that  «j  is  a  maximum,  since,  at  any  joint,  «^  varies,  not 
only  with  t,  but  also  with  H  and  T,  Besides,  these  results  may  not 
hold  for  segmental  arches  of  varying  section,  or  for  many-centered 
arches  of  any  kind. 

Some  additional  light  is  thrown  on  the  subject  by  Mr.  W.  S. 
Edge,  of  CJomell  University,  in  a  thesis  on  "Steel-Concrete  Arches," 
a  brief  abstract*  of  which  has  been  made  by  E.  J.  McCaustland, 
Assoc.  M.  Am.  Soc.  C.  E. 

The  arch  bridge  considered  by  Mr.  Edge  was  of  80  ft.  span  and 
10  ft.  rise.,  and  Sections  1  to  48  are  at  the  springs.  The  arch  was 
divided  up  and  the  computation  made  after  "Cain's  Method." 

It  was  found  that: 

'Tor  the  crown  section  the  bending  moment  is  the  greatest  when 
the  load  is  about  three-fifths  on  the  bridge.  The  greatest  positive 
moment,  however,  occurs  with  the  arch  practically  one-half  loaded 
and  takes  place  in  Section  1.  The  greatest  negative  moment 
occurs  when  the  arch  is  three-fifths  loaded,  and  is  found  at  Sec- 
tion 48." 

These  conclusions  refer  to  the  positions  of  the  load  giving  maxi- 
mum M  =  H  i,  which  may  differ  from  those  positions  giving  maxi- 
mum 

8^  =  cT  dzc'Ht, 
since  T  varies  in  this  f ormida  as  well  as  M  =  H  i.    Any  increase 
of  the  load  on  the  bridge  increases  both  H  and  T,  but  it  may  diminish 
t,  and  vice  versa. 

Thus,  at  the  spring,  when  the  uniform  live  load  covers  half  the 
span,  T/ H  and  t  have  certain  values;  when  the  load  covers  the 
whole  span,  H  and  T  are  doubled,  but  t  is  diminished,  so  that  per- 
haps «i  is  less  than  before. 

It  is  usual,  with  some  constructors,  to  test  the  arch  for  two  load- 
ings, one  covering  the  half  span,  the  other  the  whole  span.  It 
seems,  from  what  has  preceded,  that  two  other  i)08itions  should  like- 
wise be  tried,  one  extending  from  a  springing  three-tenths,  and  the 
other,  six-tenths,  of  the  span  of  the  center  line  of  the  arch  ring;  for, 
although  nothing  conclusive  has  as  yet  been  established,  even  with 
regard  to  the  arch  of  constant  section  and  radius,  yet  the  indications 
point  to  these  loadings. 

It  is  to  be  hoped  that  some  one  who  has  the  time  will  ere  long 
investigate  this  important  subject,  for  certain  usual  forms  of  the 
arch,  and  will  publish  the  results. 

The  writer  agrees  with  the  author  that  reinforced  concrete 
arches  should  not  be  given  the  dimensions  of  stone  arches  of  the 

*  Engineering  Netea^  April  Slst,  1904. 
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Mr.  Cain,  same  span  and  rise.  The  theory  of  design  in  the  two  cases  in 
different.  If  the  radial  depth  of  the  reinforced  concrete  arch  ring 
is  made  greater  than  is  necessary  for  the  maximum  unit  stresses  on 
the  concrete  to  remain  within  certain  safe  limits,  then,  not  only  is 
the  metal  not  utilized  to  a  proper  extent,  but  the  temperature 
•  stresses  increase  very  much.  In  fact,  if  /^  H~  ^-^s'  ^'  ^^  moment 
of  inertia  of  the  "revised  section,"  is  everywhere  doubled,  the  hori- 
zontal thrust,  H,  is  doubled;  also,  T  is  doubled,  as  well  as  M  =  H  L 

Oonsequently,  «,  is  increased,  for  the  term,     7— r — f  ?     la  greater 

because  v^  is  greater;  also,  since  A^-^  nA^^  not  as  much  as  twice 

T 
the  first  value,  the  term,  -4 — i j-  ->  is  increased ;  hence, 

T  ,       Hti\ 

h       =       -A i A-     + 


A^  +n  A2        I1+  n  7j 
is  increased. 

To  diminish  temperature  stresses,  it  is  thus  necessary  to  diminish 
the  cross-sections  of  the  arch. 

It  seems,  also,  absurd  to  require  that  there  shall  be  no  tension 
anywhere  in  the  concrete.  It  leads  to  abnormal  sections  at  the 
springings.  If  the  concrete  cracks  anywhere,  it  may  admit  moisture 
and  air,  which  is  detrimental  to  the  steel;  but,  otherwise,  it  can  do 
no  harm,  as  the  steel  is  generally  ample  in  section  to  take  up  all 
tensile  stresses. 

It  seems  advisable,  then,  to  design  the  sections  so  that  there  shall 
be  no  cracks  in  the  concrete,  but  this  can  be  done  perhaps  by  specify- 
ing for  the  maximum  tensile  stress  in  the  concrete,  say,  one-half  its 
breaking  strength,  or  perhaps  more.  This  will  diminish  the  cost 
considerably,  and  make  a  more  sightly  structure. 
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THE    RECONSTRUCTION    OF    THE    BALTIMORE 

AND    OHIO    RAILROAD    BRIDGE    OVER 

THE  OHIO  RIVER,  AT  BENWOOD, 

WEST  VIRGINIA. 

Discussion.* 


By  O.  E.  Hovey,  M.  Am.  Soc.  C.  E. 


O.  E.  Hovey,  M.  Am.  Soc.  C.  E. — Spans  11  and  12,  to  be  renewed  Mr.  Hovey. 
at  the  same  time,  could  be  designed  to  suit  the  cantilever  erection 
of  Span  11,  using  the  new  Span  12  as  one  anchorage,  with  a  tem- 
porary connection  to  Span  11.  Span  10  was  already  .built,  and  was 
of  modem  construction,  with  eye-bar  bottom  chords  and  ordinary 
top-chord  splices,  and  could  not  be  used  as  an  anchorage  without 
reconstruction,  which  was  too  expensive.  It  was  proposed,  there- 
fore, to  build  a  pair  of  temporary  outside  anchorage  trusses  for 
Span  10,  with  horizontal,  stiff,  bottom  chords  and  uniformly  in- 
clined, stiff,  top  chords,  designed  to  take  anchorage  tension;  and  a 
web  system  as  light  as  consistent  with  safety.  After  this  proposal 
was  made,  the  Baltimore  and  Ohio  engineers  found  that  a  deck 
bridge  of  the  same  length  would  be  required  on  another  location, 
and  the  light  temporary  anchor  trusses  for  Span  10  were  abandoned 
and  deck  trusses  were  designed  to  carry  the  regular  Baltimore  and 

*  This  discussion  (ot  the  paper  by  J.  E.  Greiner,  M.  Am.  Soc.  C.  E.,  prioted  in  Pro- 
ceedings for  March.  1906),  is  printed  in  ProceedinQa  in  order  ttifkt  the  views  expressed 
may  be  broucpfat  before  all  members  for  further  discussion. 

(Communications  on  this  subject  received  prior  to  September  22d,  1905,  will  be  pub- 
lished subsequently. 
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Mr.  Hovey.  Ohio  Railroad  loading  when  erected  in  final  position.  These  tniases 
were  designed  to  be  erected  upside  down  to  serve  as  temporary  an- 
chorages for  Span  11,  and  the  necessary  modifications  in  the  sections 
were  made.  These  deck  trusses  were  erected  outside  of  Span  10  and 
clamped  to  it,  and  were  attached  by  temporary  connections  to 
Span  11. 

The  calculations  of  the  relative  positions  of  the  old  Span  11  and 
the  new  Span  11,  erected  as  a  cantilever,  were  quite  laborious,  and 
were  made  in  a  very  satisfactory  manner  by  W.  M.  White,  Assoc.  M. 
Am.  Soc.  0.  E.,  under  charge  of  the  speaker,  in  the  Pencoyd  office 
of  the  American  Bridge  Company. 

No  difficulty  was  experienced  in  making  the  final  connections  in 
the  field,  as  ample  provision  had  been  made  for  all  necessary  adjust- 
ments of  the  cantilevers  formed  by  the  two  halves  of  Span  11. 

No  attempt  was  made  to  economize  too  much  in  the  design  of 
the  various  adjusting  devices,  as  the  experience  of  undue  economy 
in  the  design  of  similar  appliances  for  the  erection  of  a  large  can- 
tilever bridge  several  years  ago  was  not  satisfactory,  and  the  delay 
in  making  connections  was  no  doubt  more  expensive  than  complete 
adjusting  devices  would  have  been.  The  results  attained  at  Ben- 
wood  justified  the  expenditure  for  complete  apparatus. 

The  bottom  chord  of  the  long  span  was  stiff  throughout.  No 
eye-bars  were  used  in  the  chord.  It  was  not  considered  good  prac- 
tice to  use  a  chord  made  up  of  a  combination  of  riveted  stiff  member? 
and  eye-bars. 
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THE  IRRIGATION  SYSTEM  OF  ONTARIO,  OALI 
FORNIA— ITS  DEVELOPMENT  AND  COST. 

Discussion.* 


By  Arthur  S.  Hobby,  Assoc.  M.  Am.  Soc.  C.  E. 


Arthur  S.  Hobby,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — ^In  Mr.  Hobby, 
the  general  layout  of  the  Ontario  Colony,  the  promoters  divided  the 
land  into  farms,  villa  plots  and  a  town  site,  the  latter  comprising 
about  160  acres  of  land  lying  in  a  square  on  the  north  side  of  the 
Southern  Pacific  Railroad.  Each  acre  of  the  original  colony  lands 
was  allotted  one  share  of  stock  in  tha  San  Antonio  Water  Company, 
so  that  the  water  supply  for  the  town  was  derived  from  its  160 
shares  of  water  company  stock,  which,  under  the  original  allotment, 
was  supposed  to  represent  16  miners'  in.  of  water. 

As  a  general  rule,  improved  conditions  result  from  strife,  and 
Ontario  was  no  exception.  The  Ontario  Land  Company,  successors 
to  the  original  promoters,  laid  out  a  town  site  on  the  south  side  of 
the  railroad,  and  opposite  the  original  town,  and  proceeded  to  boom 
it,  with  a  view  to  swinging  the  business  center  to  that  side,  where 
the  land  company  still  owned  practically  all  the  land,  one  of  the 
arguments  used  being  that  there  was  a  more  abundant  water  supply 
on  the  "South  Side,"  as  it  was  locally  called  (and  which  designation 

*This  discussion  (of  the  paper  by  F.  E.  Trask,  M.  Am.  Soc.  C.  E.,  printed  in  Proceed- 
ings for  April,  1906),  is  printed  in  Proceedings  in  order  that  the  views  expressed  may  be 
brought  before  all  members  for  further  discussion. 

Communications  on  the  subject  received  prior  to  September  2Sd,  1006,  will  be  pub- 
lished subsequently. 
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Mr.  Hobby,  will  be  used  here  to  designate  it  from  the  "Town"  to  the  north  of 
the  railroad). 

These  two  sections  received  their  water  through  a  common  pipe 
line  running  to  a  point  about  2  miles  north  of  the  "Town"  where  it 
was  separated  and  delivered  into  their  respective  private  lines. 

In  the  spring  of  1894  the  Town  Trustees  engaged  the  writer  to 
design  a  more  equitable  method  of  securing  for  the  "Town"  ita 
share  of  the  water,  as  they  considered  that  it  was  not  then  getting 
its  full  share.  Upon  investigation,  it  was  foimd  that  at  the  point  of 
separation  the  combined  water  was  run  into  a  concrete  chamber 
which  was  arranged  at  one  end  with  two  submerged  weirs  or  aper- 
tures conforming  in  area  to  the  number  of  miners'  inches  each  was 
supposed  to  deliver  (under  a  4-in.  head  above  the  center  of  the 
aperture)  to  its  respective  pipe  line.  The  weir  for  the  "Town"  was 
2  by  8  in.  and,  if  the  writer  remembers,  the  "South  Side"  weir  was 
2  by  4  in.;  however,  that  is  immaterial.  To  maintain  this  4-in. 
head,  an  open  weir  was  built  all  along  one  side  of  the  main  chamber 
and  having  a  length  of  3  ft.  or*  more,  while  its  crest  was  4  in.  above 
the  center  of  th,e  above-mentioned  apertures,  so  that  any  increase 
in  flow  tending  to  raise  the  head  in  the  chamber  would  waste  over 
this  long  weir  without  materially  affecting  the  head  and  consequent 
pressure  over  the  submerged  apertures.  The  flow  over  this  long 
waste  weir  tailed  into  the  "South  Side"  pipe  line,  so  that,  whenever 
there  was  an  increase  of  flow,  the  "South  Side"  received  all  the 
beneflt,  while  if  there  was  a  decrease,  so  that  the  head  in  the  chamber 
fell  below  the  normal  4  in.,  the  "Town"  stood  its  share  of  the  shrink- 
age. The  writer  reconstructed  the  box  of  concrete,  making  it  about 
5  by  10  ft.,  and  provided  effective  baffles  to  bring  the  water  to  a 
state  of  rest  before  passing  it  over  two  open  weirs  with  their  crests 
at  the  same  elevation,  while,  on  the  up-stream  side  of  the  weirs, 
sliding  gates  of  zinc  were  placed,  having  the  edges  that  formed  the 
movable  ends  of  the  weirs  brought  up  and  turned  over  the  rail  at  the 
top  of  the  weirs  as  an  index  flnger.  A  table  of  discharges  for  vary- 
ing lengths  and  heads  was  tacked  up  inside  one  of  the  lids  of  the 
box.  The  variable-length  weir  was  adopted  for  the  reason  that  it 
was  evident  that  either  party  might  desire  to  rent  or  lease  additional 
water  at  times,  thereby  altering  the  ratios  of  division,  while  any 
fluctuation  in  flow,  either  increase  or  decrease,  would  be  shared  by 
each  in  just  proportion.  As  far  as  the  writer  is  aware,  that  was 
the  first  division  device  comprising  those  features  attempted  any- 
where in  that  section  of  the  country.  The  zinc  sliding  gates  leaked 
to  a  certain  extent,  as  was  to  be  expected,  but,  as  the  leakage  was 
practically  the  same  into  each  pipe  line,  it  caused  no  trouble,  and  the 
device  was  so  satisfactory  on  the  whole  that  Mr.  Trask  constructed 
one  on  about  the  same  lines  for  the  water  company,  at  a  point 
farther  up  the  colony. 


Papers.]     DISCUSSION  ON  CALIFOBNIA  IRRIGATION  SYSTEM.  489 

Shortly  afterward,  the  writer  was  engaged  by  the  water  company  Mr.  Hobby, 
to  design  and  construct  a  division  and  measuring  device  at  a  point 
where  various  mains  diverged  from  a  trunk  line,  and  where  it  was 
necessary  to  run  varying  quantities  of  water  through  any  of  the 
lines  according  to  the  requirements  of  that  day's  service.  This  was 
made  practically  as  the  box  described,  only  with  more  weirs,  and 
these  were  improved  upon  by  using  tightly  fitted  wooden  gates,  each 
with  a  zinc  edge  forming  the  end  of  the  weir,  thus  practically 
eliminating  leakage,  while  on  the  rail  at  the  top  of  the  weirs  was  a 
sine  scale,  computed  and  marked  to  show  the  number  of  miners' 
inches  passing  for  given  heads  for  which  the  weir  might  be  set. 
Another  scale  was  fixed  in  the  main  chamber,  indicating  the  head* 
These  devices  proved  so  satisfactory  that  a  large  number  of  them 
were  eonstructed  throughout  the  colony  by  Mr.  Trask  during  the 
year.  Until  their  adoption,  the  water  had  been  apportioned  to  the 
various  mains  and  consumers  by  the  man  in  charge  of  that  work 
pulling  up  a  gate  here  and  there  (which  gates  were  not  visible,  as 
only  llie  stem  projected  above  the  ground)  until  he  gaeaaed  that 
about  the  right  quantity  of  water  was  passing;  but  that  first  little 
division  box,  which  grew  out  of  the  strife  between  the  ''Town'^  and 
the  ''South  Side,"  demonstrated  to  the  consumers  that  their  water 
could  be  accurately  measured  to  them  at  a  not  unreasonable  cost» 
and  they  were  not  slow  to  develop  the  system  accordingly. 
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RICHARD  SOMERS  HATES,  M.  Am.  Soc.  C.  £.* 


Died  March  2d,  1905. 


Richard  Somere  Hayes  was  bom  in  Philadelphia  on  October 
12thy  1846.  He  was  of  a  family  which  had  for  several  generations 
been  actively  connected  with  the  Navy  and  Merchant  Marine,  and 
several  of  his  ancestors  had  commanded  vessels  with  credit,  in  both 
services.  Aside,  however,  from  a  brief  term  of  service  with  the 
Philadelphia  City  Troop,  when  that  organization  was  on  duty  dur- 
ing the  latter  part  of  the  Civil  War,  Mr.  Hayes,  from  the  time  of 
his  graduation  from  the  University'  of  Pennsylvania  in  1864,  de- 
voted himself  to  engineering,  and  more  particularly  to  railway  work. 

Entering  Grant's  Locomotive  Works,  at  Paterson,  New  Jersey, 
in  1864,  as  an  apprentice,  he  worked  there  during  1866  and  1866, 
rising  to  the  position  of  draftsman,  and  doing  some  boiler  desigrning 
work  in  the  latter  year.  The  intimate  knowledge  of  locomotive 
design  and  construction  which  he  obtained  there  was  moat  useful 
to  him  when,  a  few  years  later,  he  came  into  the  management  of 
large  railway  properties  in  the  Southwest. 

During  186Y  he  was  Deputy  Cnited  States  Boiler  Inspector  for 
the  Northern  part  of  New  Jersey. 

Beginning  in  1868  his  strictly  civil  engineering  experience,  he 
was  successively:  Assistant  Engineer  on  the  Erie  Railroad,  under 
John  Houston,  then  the  Chief  Engineer  of  that  road,  and  was  later 
in  charge  of  the  construction  of  the  Weehawken  Coal  Dooks,  and, 
after  having  been  with  the  American  Bridge  Works  as  draftsman 
for  a  short  time,  he  opened  an  office  in  Paterson  as  a  Civil  and 
Mechanical  Engineer.  At  this  time  he  did  considerable  work  foi 
the  various  water  companies  and  mills  in  the  vicinity  of  Paterson. 

In  1870,  when  only  twenty-five  years  of  age,  Mr.  Hayes  went  to 
Texas  as  Chief  Engineer  and  General  Manager  of  the  Texas  and 
New  Orleans  Railroad,  then  in  the  hands  of  a  receiver,  and  par- 
tially rebuilt  the  road  during  that  year.  Railroad  building  was 
brisk  in  Texas  at  this  time,  and  for  the  next  ten  years  Mr.  Hayes 
led  a  very  active  life.  Late  in  1870  he  went  to  the  International 
Railroad  as  Principal  Assistant  Engineer,  and,  becoming  Chief 
Engineer  in  May,  1871,  he  completed  175  miles  of  that  road.  Be- 
coming Engineer  of  Construction  for  the  Eastern  half  of  the  Texas 

*  Memoir  prepared  by  H.  C.  Phillips,  Assoc.  M.  Am.  Soc.  C.  E. 
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and  Pacific  Railroad,  under  General  J.  M.  Dodge,  in  October,  1872, 
he  was  appointed  Chief  Engineer  of  this  road  the  following  falL 

In  1874  Mr.  Hayes  was  appointed  Chief  Engineer  of  the  Inter- 
national and  Great  Northern  Railway;  six  months  later  he  became 
General  Manager,  and  Vice-President  in  1875.  He  became  Receiver 
in  1878,  and,  two  years  later.  President  of  the  road.  During  these 
several  changes  of  title  Mr.  Hayes  continued  to  act  as  Chief  En- 
gineer, and,  in  addition  to  the  work  on  the  International  and  Great 
Northern  Railway,  he  completed  the  Texas  and  New  Orleans  Rail- 
road in  1874. 

In  all,  during  the  ten  years,  1870  to  1880,  Mr.  Hayes  acted  as 
Chief  or  Consulting  Engineer  on  about  1  500  miles  of  railroad  in 
the  Southwest. 

During  June,  1881,  Mr.  Hayes  was  elected  Vice-President  of  the 
Gould  Southwestern  System,  then  comprising  the  Missouri  Pacific; 
Missouri,  Kansas  and  Texas;  Texas  and  Pacific;  St.  Louis,  Iron 
Mountain  and  Southern,  and  the  International  and  Great  Northern 
Railways.  In  this  position  he  handled  successfully  the  operation 
of  this  system  for  the  next  ^ve  years,  and,  in  addition,  was  in  1888 
elected  First  Vice-President  of  the  Wabash  Railroad.  During  this 
time  he  made  his  home  in  St.  Louis. 

Late  in  1886  Mr.  Hayes  resigned  from  the  Vice-Presidency  of 
the  Gould  System,  although  remaining  a  Director  therein  for  some 
time  longer,  and,  after  a  trip  abroad,  moved  to  New  York  and  took 
up  a  less  active  life  in  that  city. 

Although  a  director  of  various  railways  and  other  large  prop- 
erties, and  giving  more  than  the  usual  knowledge  and  attention  to 
them,  Mr.  Hayes'  desire  for  more  active  work  led  him  in  1888  to 
accept  the  Presidency  of  the  St.  Paul  and  Duluth  Railroad,  which 
he  retained  until  its  sale  and  incorporation  with  the  Northern 
Pacific  in  IdOO.  During  his  administration  he  remodelled  the  grade 
system  and  greatly  improved  the  property. 

Mr.  Hayes  was  also  President  of  the  New  York  and  Northern 
Railway  from  the  close  of  its  receivership,  about  1888,  to  its  sale 
to  the  New  York  Central  in  1892. 

He  was  also  one  of  the  receivers  of  the  Georgia  Central  Railroad 
until  its  reorganization  in  1895. 

In  1895,  when  the  reorganization  of  the  Atchison,  Topeka  and 
Santa  Fe  Railway  System  was  undertaken,  Mr.  Hayes  was  one  of 
the  prominent  members  of  the  Reorganization  Committee,  and  was 
elected  a  Director  of  this  System  in  1895.  From  that  time  forward 
he  served  on  the  Executive  Committee  of  the  Board  of  Directors, 
and  took  a  leading  part  in  shaping  the  policy  of  the  railroad  until 
ill  health  forced  him  to  resign  from  the  Executive  Conunittee  in 
1904,  although  he  still  remained  a  member  of  the  Board  until  his 
death. 


402  MBMOIR  OF  RICHABO  80MERS  HAYK8.  [Memoirs. 

Mr.  Hayes  had  highly  developed  that  faculty  most  important  to 
the  successful  railway  man,  the  ability  to  master  and  remember 
details,  while  not  letting  them  obscure  his  view  of  matters  of  larger 
importance.  His  training  and  inclination  caused  him  to  be  always 
arrayed  with  those  whose  aim  was  to  build  up  and  increase  the 
efficiency  of  whatever  property  with  which  they  were  dealing,  and« 
to  this,  much  of  his  success  was  due.  He  also  had  the  faculty  of 
inspiring  an  active  loyalty  in  his  subordinates,  and  was  personally 
very  highly  esteemed  by  his  business  associates. 

Fond  of  outdoor  sports,  and  with  that  si^irit  which  retains  much 
of  its  youth,  Mr.  Ha3res  numbered  among  his  friends  rallier  more 
than  is  usual  of  the  younger  people. 

Living  in  recent  years  much  of  the  time  at  his  countiy  home^ 
Millbrook,  Mr.  Hayes,  with  Mrs.  Hayes,  who  survives  him,  enter- 
tained simply  but  delightfully  their  large  circle  of  friends. 

In  1903  Mr.  Hayes  made  a  trip  to  the  German  Baths  and  up  the 
Nile  in  hopes  of  shaking  off  a  stubborn  illness.  In  this  he  was 
unsuccessful,  and,  after  his  return,  he  was  an  invalid  up  to  the 
time  of  his  death,  which  took  place  in  his  New  York  home  on  March 
2d,  1905. 

Mr.  Hayes  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  September  6th,  1882,  and  was  always  interested 
in  the  Society's  welfare. 


CHARLES  ANDREWS  KNOWLTON,  M.  Am.  Soc  C.  E. 


Died  March  2d^  1903. 


Charles  Andrews  Knowlton  was  bom  at  Irvington-on-the-Hud- 
son,  on  December  28th,  1867.  He  was  the  only  son  of  Major  Charles 
P.  Knowlton,  of  the  Confederate  service,  and  Katherine  Andrews, 
daughter  of  John  Andrews,  of  Belle  Grove  Plantation,  Iberville 
Parish,  Louisiana.  A  direct  descendant  of  Colonel  Thomas  Knowl- 
ton, of  Revolutionary  fame,  on  his  father's  side,  and  of  Robert 
Adams,  on  his  mother's  side,  he  was  also  a  nephew  of  two  brave 
Confederate  generals,  Paul  Octave  Hebert,  who  was  also  the  war 
governor  of  Louisiana,  and  General  Major. 

Not  being  strong,  as  a  child,  his  early  education  was  directed 
by  tutors  at  his  home,  in  Louisiana;  later,  he  attended  Spring  Hill 
College,  Alabama,  the  Louisiana  State  University,  and  the  George- 
town College  at  Washington,  D.  C.  He  had  intended  to  study  law, 
but  his  health  requiring  an  outdoor  life,  he  decided  in  favor  of 
engineering,  and  did  much  surveying  along  the  Gulf  Coast  near 
New  Orleans. 
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In  1891  Mr.  Knowlton  went  to  Cincinnati  as  Assistant  to  Mr. 
C.  C.  Chandler,  of  the  Ohio  and  Mississippi  Railway,  but,  upon  the 
consolidation  of  that  road  with  the  Baltimore  and  Ohio  Southwest- 
€m»  he  established  an  office  of  his  own  in  Cincinnati. 

In  1895  he  left  Cincinnati  to  take  charge  of  a  large  cotton 
plantation,  returning  three  years  later  to  assist  in  the  construction 
of  the  new  Cincinnati  Water-Works  at  California,  Ohio.  Mr. 
Knowlton  left  Cincinnati  in  1900  to  enter  the  United  States  Govern- 
ment service  in  Cuba  as  constructing  engineer  of  the  Gnantanamo 
Water- Works,  and  during  this  period  he  became  a  Member  of  the 
American  Society  of  Civil  Engineers.  Upon  the  completion  of  the 
Ouantanamo  work,  which  had  added  not  a  little  to  his  reputation, 
he  was  called  to  Santiago  to  make  the  preliminary  surveys  and  re- 
ports upon  a  new  water  system  for  that  city.  His  faithful  service 
and  the  uniformly  high  character  of  his  work  made  his  loss  a  serious 
one  to  the  department  when  he  left  it  to  become  Administrator  of 
the  Central  Ysabel,  a  large  sugar  estate  near  Guantanamo^  Cuba. 
As  manager  of  the  Ysabel  he  was  most  successful,  his  high  sense  of 
honor  and  justice  making  him  loved  and  respected  in  a  country 
where  Americans,  as  a  rule,  were  disliked.  Mr.  Knowlton  was  so 
interested  in  his  work,  and  so  ambitious,  that  he  took  small  heed 
for  himself,  and  when  illness  attacked  him  he  was  powerless  to  resist. 
On  March  2d,  1903,  he  died  at  Central  Ysabel,  after  an  illness  of 
but  four  days,  leaving  a  wife  and  young  son  to  mourn  the  loss  of  a 
devoted  husband  and  father. 

A  young  man,  stricken  down  in  the  fullness  of  his  youth,  he  left 
behind  the  memory  of  an  earnest  life,  well  spent,  well  lived. 

Mr.  Knowlton  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  October  20th,  1901. 


RICHARD  CALTIN  McGALLA,  M.  Am.  Soc.  C.  E.« 


Died  June  12th,  1904. 


Bichard  Calvin  McCalla  was  bom  on  April  20th,  1864,  in  Chester 
District,  South  Carolina. 

In  September,  1879,  he  entered  the  University  of  Alabama,  and 
received  the  degree  of  Bachelor  of  Arts  in  1883.  In  1890  the  same 
institution  conferred  upon  him  the  degree  of  Civil  Engineer. 

While  a  university  student,  Mr.  McCalla  filled,  during  the  sum- 
mer vacations  of  1881  and  1882,  various  positions  on  the  engineering 
staff  of  the  Elnoxville  and  Ohio  Railroad,  in  East  Tennessee;  and  in 
1883,  on  completing  his  university  course,  he  accepted  the  position  of 

♦  Memoir  prepared  by  Loixls  W.  HaU,  Amoc.  M.  Am.  Soc.  C.  B. 


494  MEMOIB  OF  RICHARD  CALVIN  MCCALLA.  [Memoira. 

Assistant  Engineer  on  the  Louisville,  New  Orleans  and  Texas  Rail- 
road, between  Memphis  and  New  Orleans. 

From  May,  1886,  to  January,  1887,  he  held  the  positions  of 
Leveler  and  Resident  Engineer  on  the  construction  of  the  Kansas 
City,  Memiphis  and  Birmingham  Railroad,  in  Northern  Alabama. 

From  January  to  March,  1887,  he  practiced  engineering  in  Bir- 
mingham, Alabama. 

From  March,  1887,  to  September,  1888,  he  was  Chief  of  Party 
and  Resident  Engineer  on  the  construction  of  the  Tuscaloosa  and 
Northern  Railroad  in  Alabama. 

In  September,  1888,  he  entered  the  civilian  service  of  the  En- 
gineer Corps,  United  States  Army,  as  Assistant  Eng^ineer,  bein^ 
associated  with  Horace  Harding  in  the  improvement  of  the  Black 
Warrior  River,  Alabama.  On  the  death  of  Mr.  Harding  in  1895,. 
Mr.  McCalla  was  placed  in  charge  of  all  the  improvement  work  on 
the  Tombigbee  and  Black  Warrior  Rivers. 

A  complete  history  and  discussion  of  this  important  river  im- 
provement work  was  presented  to  the  American  Society  of  Civil 
Engineers  by  Mr.  McCalla  in  Paper  No.  941,t  September  dd,  1902. 
This  paper  is  recognized  as  a  valuable  contribution  to  engineering 
literature  on  the  subject  of  inland  waterways. 

In  opening  the  Black  Warrior  River  system  to  navigation,  the 
United  States  Government  intends  to  provide  an  all-water  route  of 
7  ft.  depth  between  the  Warrior  coal  fields  and  the  Gulf  Coast.  The- 
entire  cost  of  the  project  is  estimated  at  $10  000  000. 

Under  Mr.  McCalla's  supervision,  six  locks  have  been  completed 
and  the  river  opened  to  navigation  from  a  point  282  miles  above 
Mobile  to  the  southern  part  of  the  great  Warrior  Coal  Basin.  Plans 
and  estimates  for  nine  additional  locks  and  dams  have  been  pre- 
pared, and  construction  work  on  four  of  these  locks  was  in  progress 
at  the  time  of  his  death. 

In  addition  to  his  engineering  work,  Mr.  McCalla  was  identified 
with  a  number  of  business  enterprises  in  the  South,  and  was  a 
Director  of  the  Merchants  National  Bank  of  Tuscaloosa,  Alabama. 

On  June  23d,  1896,  he  married  Mrs.  Lula  Stringfellow,  and  is- 
survived  by  her  and  their  only  child,  Richard  Calvin. 

Kind  and  lovable  in  his  home  life,  energetic  and  conscientious- 
in  his  engineering  and  business  enterprises,  a  progressive  character 
and  a  factor  for  good  in  the  community  in  which  he  lived,  he  held 
the  respect  of  all  with  whom  he  came  in  contact. 

He  was  elected  a  Junior  of  the  American  Society  of  Civil  En- 
gineers on  July  2d,  1890,  an  Associate  Member  on  September  2d,. 
1891,  and  a  Member  on  December  5th,  1894. 
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GEOBGE  CLIFTON  WOOLLARD,  Jan.  Am.  Soc.  C.  £.* 


Died  June  3d^  1905. 


George  Clifton  Woollard  was  bom  on  June  14th,  18'?^9.  At  the 
age  of  eighteen,  he  started  on  the  Maintenance  of  Way  Corps  of  the 
Erie  Railroad,  and  at  the  early  age  of  twenty  was  appointed  Koad- 
master  of  the  Buffalo,  St.  Marys  and  Southwestern  Kailroad.  In  the 
same  year  he  was  made  Engineer  of  Maintenance  of  W^y  of  the 
Clarion  River  Railroad,  and  at  the  age  of  twenty-two  was  made 
Engineer  of  Maintenance  of  Way  of  the  Pittsburg,  Shawmut  and 
Northern  Railroad. 

After  he  left  the  Pittsburg,  Shawmut  and  Northern  Railroad,  he 
went  with  James  Stewart  and  Company,  to  work  on  the  Plaquemine 
Locks,  a  very  heavy  piece  of  work  built  by  them  for  the  Govern- 
ment in  Louisiana.  This  was  his  first  important  work,  and  it  is 
noted  as  being  the  longest  lock  in  the  United  States  and  as  having 
the  highest  lift  in  the  world.  After  that  he  was  on  the  Passe  A 
L'Outre  work  at  the  mouth  of  the  Mississippi  River,  with  the  same 
firm;  and  later,  with  the  same  firm,  on  the  New  Orleans  Sugar  Re- 
finery at  New  Orleans,  said  to  be  one  of  the  tallest  buildiDgs  in  the 
South. 

He  then  moved  to  New  Jersey,  and  was  appointed  Superintendent 
of  the  Cedar  Grove  Reservoir,  for  the  City  of  Newark,  built  by 
Stewart  and  Abbot.  He  carried  this  through  practically  to  com- 
pletion, and  then  went  back  to  James  Stewart  and  Company  to 
superintend  the  construction  of  the  Westinghouse  Buildings  at  East 
Pittsburg.  Subsequent  to  this,  he  built  a  sand  plant  for  James 
Stewart  and  Company  at  Gray  Summitt,  Missouri.  He  was  then 
sent  by  the  same  firm  as  Superintendent  of  a  very  large  plant  they 
were  building  for  the  Singer  Machine  Company  at  St.  Johns, 
Quebec,  consisting  of  twenty-four  buildings,  and  covering  forty 
acres  of  ground. 

He  then  severed  his  connection  with  James  Stewart  and  Com- 
pany, and  was  offered  a  position  by  Ambrose  B.  Stannard,  and  while 
with  him  was  employed  on  the  Sewage  Dumping  Station  for  the 
District  of  Columbia,  also  on  the  construction  of  the  New  Municipal 
Building  for  the  District  of  Columbia,  the  new  building  for  the 
Department  of  Agriculture,  and  the  concrete  foundations  for  the 
House  of  Representatives. 

Mr.  Woollard  was  an  exceptionally  bright  young  man.  He  was 
cut  ofF,  not  even  in  his  prime,  but  at  the  early  age  of  twenty-six. 
For  the  last  four  years  of  his  life  he  was  occupied  in  large  contract- 
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ing  enterprises,  having  at  all  times  from  100  to  400  men  under  bis 
supervision.  He  combined  tbe  unusual  qualities  of  a  brilliant 
engineer  and  an  efficient  contractor's  superintendent.  Had  be  lived, 
be  would  bave  made  a  great  success  in  life,  and  would  probably  bave 
followed  out  bis  natural  tendency  of  being  a  contractor  on  a  large 
scale. 

In  conclusion,  it  migbt  be  added  tbat  Mr.  WooUard  was  a  most  J 

devoted  son  to  bis  motber  and  f  atber,  and  bad  a  loving  and  kind 
disposition  witb  all  bis  friends  and  associates.  *  ■ 

He  was  elected  a  Junior  of  tbe  American  Society  of  Civil  En- 
gineersy  April  3d,  1900. 
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MINUTES  OF  MEETINGS. 


OF  THE  SOCIETY. 


September  dth,  1905. — The  meeting  was  called  to  order  at 
8.35  p.  M.;  President  C.  0.  Schneider  in  the  chair;  Chas.  Warren 
Hunt,  Secretary;  and  present,  also,  106  members  and  23  guests. 

The  minutes  of  the  meetings  of  June  7th,  and  of  the  Annual 
Convention,  June  20th  to  23d,  1905,  were  approved  as  printed  in 
the  Proceedings  for  Augrust,  1905. 

A  paper  by  Edwin  H.  Warner,  M.  Am.  Soc.  C.  E.,  entitled  "The 
Hydraulic  Plant  of  the  Puget  Soimd  Power  Company,'*  was  pre- 
sented by  the  Secretary,  who  also  read  a  communication  on  the 
subject  by  William  S.  Post,  Assoc.  M.  Am.  Soc.  C.  E.  Mr.  Hunt 
also  read  communications  on  this  paper  from  J.  H.  Cunningham 
and  A.  L.  Adams,  Members  Am.  Soc.  C.  E.,  which  had  been  pre- 
sented at  the  second  meeting  of  the  San  Francisco  Local  Association 
of  Members. 
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Ballots  for  membership  were  canvassed,  and  the  following  can- 
didates elected: 

As  Members. 

Ernest  Willum  Branch^  Quincy,  Mass. 

Alfred  Samuel  Burgess,  New  York  City. 

Hugh  Lincoln  Cooper,  New  York  City. 

Frank  Leslie  Davis,  Tacoma,  Wash. 

Charles  Edward  Gordon,  Lawton,  Okla. 

Edward  Bennet  Gumaer,  Jersey  City,  N.  J. 

David  Edward  Hughes,  San  Pedro,  Cal. 

William  Frederick  Kauffmann,  East  Rutherford,  N.  J. 

Robert  Stevens  Parsons,  Cleveland,  Ohio. 

Willum  Anson  Pearson,  Jr.,  Schenectady,  N.  Y. 

Samuel  Bostwick  Bobbins,  Great  Falls,  Mont. 

Samuel  Moorhead  Russell,  Peoria,  Dl. 

Edward  Howard  Sapp,  Camden,  N.  J. 

Francis  Edward  Snyder,  Chicago,  111. 

DeWitt  Clinton  Webb,  Philadelphia,  Pa. 

Alvinus  Brier  Wood,  Cottage  Grove,  Ore. 

As  Associate  Members. 

John  Walter  Ackerman,  Auhum,  N.  Y. 
Clarence  Edson  Alderman,  Worcester,  Mass. 
William  James  Boucher,  New  York  City. 
William  Lowe  Brown,  New  York  City. 
Joseph  Patrick  Carlin,  New  York  City. 
Jacob  Centennial  Clausen,  Yuma,  Ariz. 
Charles  Benedict  GRiU)Y,  New  York  City. 
Samuel  Whilden  Henderson,  Durango,  Colo. 
Ernest  Emmanuel  Howard,  Kansas  City,  Mo. 
Adam  Hunter,  London,  England. 
Paul  Alois  Kirchner,  Richmond,  Va. 
John  Howard  Lewis,  Salem,  Ore. 
Samuel  Alexander  McCoy,  Fordyce,  Ark. 
Willum  Sheppard  Manning,  Jr.,  Syracuse,  N.  Y. 
Curtis  Adolph  Mees,  Charlotte,  N.  C. 
Walter  Henry  Norris,  Boston,  Mass. 
Charles  Edward  Quinby,  Ludlow,  Mass. 
Arthur  Winthrop  Sargent,  Fort  Flagler,  Wash. 
Wilbur  Cyrus  Sawyer,  Pendleton,  Ore. 
George  Edson  Philip  Smith,  Tucson,  Ariz. 
John  Truesdale  Stewart,  Washington,  D.  C. 
John  Stockton,  Hoboken,  N.  J. 
Jesse  Russell  Taft,  New  York  City. 
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As  Associate. 

James  Francis  Wrenn,  Batesville,  Ind. 

The  Secretary  announced: 

The  transfer  of  the  following  candidates,  by  the  Board  of  Di- 
rection, on  September  5th,  1905: 

From  Associate  Member  to  Member. 

Charles  WoRTHmoTON  Comstock^  Denver,  Colo. 
James  Welch  Frazier,  Cleveland,  Ohio. 
Joseph  Henry  O'Brien,  New  York  City. 
Julian  Thornley,  Niagara  Falls,  Ont.,  Canada. 
Oscar  Holmes  Tripp^  Bockland,  Me. 

The  election  of  the  following  candidates,  by  the  Board  of 
Direction : 

As  Juniors. 
On  June  6th,  1906. 

Eugene  Harry  Bruntlett,  Cape  May,  N.  J. 
Dwight  Fred  Horton^  San  Marcos,  Tex. 
Egbert  Mackinlay  Smith,  Bedford,  Ohio. 

On  September  6th,  1906. 

HuNLEY  Abbott,  New  York  City. 

Joseph  Brady,  New  York  City. 

Frank  Wesley  Cooper,  St.  Louis,  Mo. 

Arthur  James  Decker,  Columbus,  Ohio. 

Henry  Bernardin  Drowne,  Providence,  R.  I. 

Sidney  Twichell  Harding,  Ann  Arbor,  Mich. 

Smith  Tompkins  Henry,  New  York  City. 

Rodney  Hitt,  New  York  City. 

Burt  Bradley  Hodgman,  New  York  City. 

Frank  Ray  Lanagan,  Albany,  N.  Y. 

Henry  Leeuw,  New  York  City. 

Johannes  Adrunus  de  Lint,  The  Hague,  The  Netherlands. 

Edgar  Staples  Maupin,  Macon,  Mo. 

Melvin  S.  Rich,  Wilmington,  Del. 

Horace  West  Sheley,  Spanish  Fork,  Utah. 

Thomas  William  Rostad  Teigen,  Traskwood,  Ark. 

Le  Baron  Turner,  Geneva,  HI. 

George  Willum  Carlyle  Whiting,  Catonsville,  Md. 
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The  Secretary  announced  the  following  deaths : 

Georqe  Clifton  Woollard,  elected  Junior  April  3d,  1900;  died 
June  3d,  1905. 

John  Talcott  Norton,  elected  Member  November  3d,  1897; 
died  August  5th,  1905. 

Adjourned. 

September  aoth,  ipos- — The  meeting  was  called  to  order  at 
8.80  p.  H.;  President  Schneider  in  the  chair;  Charles  Warren  Hunt; 
Secretary,  and  present,  also,  79  members  and  16  guests. 

A  paper,  entitled  "Notes  on  the  Improvement  of  River  and 
Harbor  Outlets  in  the  United  States,"  by  D.  A.  Watt,  M.  Am.  Soc- 
C.  E.,  was  presented  by  the  Secretary,  who  also  read  discussions  by 
L.  J.  Le  Conte,  M.  Am.  Soc.  C.  E.,  and  W.  W.  Harts,  M.  Am. 
Soc.  C.  E. 

The  Secretary  announced  the  death  of  Archer  Cochran  STirBS* 
elected  Junior  December  dd,  1890;  Assoc.  M.,  November  4th,  1891; 
^liember,  May  6th,  1898;  died  August  27th,  1905. 

Adjourned. 

CORRECTION  OF  THE  MINUTES* 

Before  final  paragraph,  page  265  (August  Proceedings)  insert 
'^A  resolution  was  adopted  expressing  the  thanks  of  the  Society  to 
Secretary  Hunt,  for  his  arduous  labor  in  connection  with  the  work 
of  the  Engineering  Congress,  and  its  appreciation  of  the  manner  in 
which  that  work  was  done." 


'^^**"]  MINUTES   OF    MEETINGS.  4J^1 

OP  THE  BOARD  OF  DIRECTION. 

(Abstract.) 

September  5th,  1905. — President  Schneider  in  the  chair;  Ghas. 
Wairen  Hunt,  Secretary,  and  present,  also,  Messrs.  Bissell,  Bowman, 
Croes,  Ellis,  £[nap,  N.  P.  Lewis,  Moore  and  Osgood. 

A  communication  was  received  from  the  Secretary  of  the  Nomi- 
nating Committee  giving  a  list  of  the  nominees  selected  to  fill 
offices  which  will  be  vacant  on  January  17th,  1906. 

Applications  were  considered,  and  other  routine  business  trans- 
acted. 

Five  Associate  Members  were  transferred  to  the  grade  of  Member, 
and  eighteen  candidates  for  Junior  were  elected. 

Adjourned. 
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ANNOUNCEMENTS. 

The  Hoose  off  the  Society  is  opea  ffron  9  A.  JIL  to  lo  P.  M. 
every  dey«  except  Saadays*  Fonrtli  off  Jniy,  Tiuudcstivias  Day  mmd 
ChfietaMe  Day. 

MEETINOS. 

Wedaesday,  Octoi»er  4tli,  1905—8^  p.  m.— A  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed, 
and  two  papers  will  be  presented  for  discussion,  as  follows:  '^Soine 
Specialties  of  the  System  for  Flushing  the  New  Sewers  of  the  City 
of  Mexico,"  by  Roberto  Gayol,  M.  Am.  Soc.  C.  E.,  and  "The  Wal- 
worth Sewer,  Cleveland,  Ohio,"  by  Walter  C.  Parmley,  M.  Am. 
Soc.  C.  E. 

Both  these  papers  were  printed  in  the  August  number  of  Pro- 
ceedings. 

Wedaesdayt  October  i8tii,  1905* — 8.30  p.  m. — At  this  meeting 
a  paper  entitled  "An  Example  of  the  Legitimate  Use  of  Water  for 
Domestic  Purposes,"  by  K.  F.  Cooper,  Jun.  Am.  Soc.  C.  E.,  will  be 
presented  for  discussion. 

This  paper  was  printed  in  the  August  number  of  Proceedings, 

Wednesday 9  November  ist,  1905. — 8.30  p.  m. — A  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed, 
and  a  paper  entitled  "The  Theory  of  Frameworks  with  Kectangular 
Panels,  and  its  Application  to  Buildings  which  have  to  Kesist  Wind," 
by  Ernst  F.  Jonson,  Assoc.  M.  Am.  Soc.  C.  E.,  will  be  presented  for 
discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 


PRIVILEQES  OF  LOCAL  SOCIETIES  EXTENDED  TO  MEMBERS 
OF  THE  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

The  Boston  Society  of  Civil  Engineers  will  welcome  any  member 
of  the  American  Society  of  Civil  Engineers  at  its  library  and  reading 
room,  715  Tremont  Temple,  Boston,  which  is  open  on  week  days 
from  9  A.  M.  to  5  p.  M.  Members  will  also  be  welcome  at  the  meet- 
ings, which  are  held  in  the  same  building,  on  the  evenings  of  the 
fourth  Wednesday  in  January,  and  the  third  Wednesdays  of  other 
months,  except  July  and  August. 

The  rooms  of  The  St.  Louis  Engineers'  Club  are  in  the  business 
<'(Mit(»r  of  St.  Louis,  and  visiting  engineers  are  cordially  invited  to 
uAi^  them  for  mail,  telephone  service,  information,  etc. 

The  courtesies  of  The  Engineers'  Society  of  Western  Pennsylvania 
hav(»  been  extended  to  members  of  the  American  Society  of  Civil  En- 
giiHHTs.     The  rooms  of  the  Society,  410  Penn  Ave.,  Pittsburg,  Pa., 
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are  open  at  all  times,  and  meetings  are  held  as  follows,  except  dur- 
ing July  and  August.  Kegular  Section,  Third  Tuesdays;  Chemi- 
cal Section,  Thursdays  following  third  Tuesdays;  Mechanical 
Section,  First  Tuesdays;  Structural  Section,  Fourth  Tuesdays. 

The  Western  Society  of  Engineers,  Monadnoek  Block,  Chicago, 
111.,  tenders  to  members  of  this  Society  the  use  of  its  rooms  and 
facilities,  together  with  the  good  offices  of  its  Secretary  and  of  a 
special  committee  appointed  for  that  purpose. 

The  Civil  Engineers'  Club  off  Cleveland,  Ohio,  invites  members  of 
this  Society  to  make  use  of  the  Club  rooms,  at  any  time  when  in 
Cleveland.  Cards  will  be  furnished  on  application  to  the  Secretary, 
Mr.  J.  C.  Beardsley. 

The  Engineers'  Club  of  Central  Pennsylvania  has  established  new 
quarters  at  the  comer  of  Second  and  Walnut  Streets,  Harrisburg, 
Pa.,  and  desires  to  extend  the  courtesies  of  the  Club  to  visiting  mem- 
bers of  the  American  Society  of  Civil  Jlngineers. 

The  Engineers'  and  Architects'  Club  of  Louisville,  Ky., 
cordially  invites  members  of  the  American  Society  of  Civil  En- 
gineers, visiting  Louisville,  to  make  use  of  its  library  and  rooms, 
303  Norton  Building,  Fourth  and  Jefferson  Streets.  The  rooms  are 
open  on  week  days  xduring  business  hours. 


SEARCHES  IN  THE  LIBRARY. 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost 
to  the  Society  for  the  extra  work  required.  Since  that  time  many 
such  searches  have  been  made,  and  bibliographies  and  other  infor- 
mation on  special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that,  if  it  were  generally  known  to 
the  membership  that  such  work  would  be  undertaken,  many  would 
avail  themselves  of  it. 

The  cost  is  trifling,  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be 
performed  quite  as  well,  and  much  more  quickly,  by  persons  familiar 
with  the  Library. 

Copies  of  all  lists  of  references  are  filed,  so  that  in  many  cases 
it  is  only  necessary  to  make  a  typewritten  copy,  which  reduces  the 
cost  of  searches  to  a  minimum. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involv- 
ing search  through  periodical  literature,  is  desired. 
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LOCAL    ASSOCIATIONS    OF     MEMBERS   OP    THE    AMERICAN 

SOCIETY  OF  CIVIL  ENGINEERS. 

It  is  proposed  to  publish  here,  from  time  to  time,  information 
relating  to  Local  Associations  of  Members  of  the  American  Society 
of  Civil  Engineers.  An  account  of  the  first  meeting  of  the  San 
Francisco  Associi^tion  appeared  in  Proceedings  for  August,  1905, 
pages  279  and  280. 

San  PranciscOy  Cal.,  August  ipth*  1905.  (Abstract.) 

The  second  regular  meeting  of  the  San  Francisco  Association  of 
Members  of  the  American  Society  of  Civil  Engineers  was  held  at 
the  Palace  Hotel,  San  Francisco,  at  8  p.  m.^  at  the  conclusion  of  an 
informal  dinner.  Twenty-three  members  and  five  guests  were 
present. 

The  minutes  of  the  preceding  meeting  were  read  and  approved. 

Captain  Harts  addressed  *the  meeting  concerning  the  objects  and 
aims  of  the  Association. 

Mr.  A.  L.  Adams  also  spoke  on  the  desirability  of  members  pre- 
senting papers  describing  the  work  they  are  doing,  and  of  yoimger 
members  making  it  their  aim  to  contribute  something  to  the  litera- 
ture of  the  Profession. 

The  Secretary  reported  that  the  amendment  to  Article -11  of  the 
Constitution  had  carried,  the  entire  number  of  ballots  (47)  having 
been  in  the  affirmative. 

It  was  reported  by  the  Secretary  that  the  Board  of  Directors 
had  found  it  advisable  to  establish  the  following  rule  for  con- 
trolling discussions,  viz.,  that  preference  be  given  to  discussions  sub- 
mitted in  writing;  that  written  discussions  requiring  more  than 
fifteen  minutes  for  presentation  be  given  in  abstract;  that  oral  dis- 
cussions be  limited  to  ^\e  minutes  for  each  person,  and  that  the 
same  person  shall  not  be  heard  twice  at  any  meeting  on  the  same 
subject,  unless  in  response  to  direct  questions. 

The  following  recommendation  by  the  Board  of  Directors  was 
adopted : 

That  the  President  and  Secretary  be  authorized  to  invite  to 
any  Association  dinner  or  meeting,  as  guests  of  the  Association^ 
visiting  members  of  the  American  Society  of  Civil  Engineers,  pro- 
viding they  do  not  reside  less  than  100  miles  from  San  Francisco. 

Mr.  A.  L.  Adams  presented  a  written  discussion  of  the  paper 
entitled  "The  Hydraulic  Plant  of  the  Puget  Sound  Power  Com- 
pany," by  Edwin  H.  Warner,  M.  Am.  Soc.  C.  E.,  published  in  the 
May  Proceedings  of  the  Society. 

The  Secretary  read  a  discussion  by  Mr.  J.  L.  Le  Conte  of  the 
paper  entitled  *^otes  on  the  Improvement  of  River  and  Harbor 
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Outlets  in  the  United  States/*  by  D.  A.  Watt,  M.  Am.  Soc.  C.  E., 
published  in  the  May  Proceedings  of  the  Society.  A  written  dis- 
cussion of  this  paper  was  also  presented  by  Captain  W.  W.  Harts. 
The  pai>er  was  further  discussed  orally  by  Mr.  H.  C.  Phillips,  Pro- 
fessor Soule  and  Captain  Harts. 
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ACCESSIONS  TO  THE  LIBRARY. 

From  August  3d  to  September  12th,  1906. 

DONATIONS.* 

CALCAREOUS  CEMENTS^ 

Their  Nature  and  Uses.  By  Gilbert  R.  Redgrave  and  Charles 
Spackman.  Second  and  Revised  Edition.  Cloth,  9x7  in.,  illus., 
18  +  310  pp.  London,  Charles  Griffin  and  Company,  Limited,  1905. 
$4.50. 

The  preface  states  that  since  the  first  edition  was  written  important  changes 
have  taken  place  in  the  cement  industry,  due  to  the  introduction  of  the  rotary 
kiln  and  the  tube-mill.  Nearly  all  the  plant  which  was  regarded  as  essential 
ten  years  ago  has  become  obsolete,  and  the  processes  of  manufacture  have 
undergone  such  a  complete  revolution  that  it  has  become  necessary  to  rewrite 
entire  chapters  descriptive  of  the  appliances  in  common  use  at  that  date.  The 
authors  have  attempted  to  give  the  altered  methods  in  the  production  of  Port- 
land cement,  an  account  of  the  most  recent  processes  adopted  in  England,  the 
United  States  and  on  the  Continent,  and  to  place  on  record  some  of  th»  theories 
of  cement  reactions  which  have  been  promulgated  by  English  and  foreign  ex- 
perimenters, thus  adding  considerably  to  the  former  Chapter  on  the  Analysts 
of  Cement  Mixtures.  The  work  Is  intended  to  be  useful  in  both  the  laboratory 
and  the  manufactory.     There  is  an  index  of  twelve  pages. 

STEAM  ENQINEERINQ; 

A  Treatise  on  Boilers,  Steam,  Gas  and  Oil  Engines  and  Sup- 
plementary Machinery.  By  W.  W.  F.  Pullen.  Second  Edition, 
Revised  and  Enlarged.  Cloth,  9x6  in.,.  454  pp.,  illus.  Manchester, 
Scientific  Publishing  Co.    4  shillings  net. 

It  is  stated  in  the  preface  that  in  the  second  edition  the  author  has  added 
a  considerable  number  of  illustrations  to  the  chapters  dealing  with  descriptive 
matter,  notably  in  connection  with  the  marine  engine,  the  internal  combustion 
engine,  and  the  steam  turbine.  For  lack  of  space,  no  attempt  has  been  made 
to  give  any  historical  summary  of  the  development  of  the  steam  engine,  the 
work  treating  of  the  machine  as  It  exists  at  the  present  time.  There  is  an 
index  of  five  pages. 

L'INDUSTRIE  AURIFERE, 

Par  David  Levat.  Paper,  10  x  6  in.,  16  +  899  pp.  Paris, 
Vve.  Ch.  Dunod,  1906.    30  francs. 

It  is  stated  that  an  attempt  is  made  to  embrace  in  one  work  the  entire  sub- 
ject of  gold  industry,  giving  a  comparison  of  different  methods,  making  known 
their  characteristic  traits,  and  drawing  conclusions  applicable  to  the  treat- 
ment of  the  most  varied  and  complex  gold-bearing  minerals.  The  discussion  of 
mining  affairs  in  France,  as  well  as  in  England,  and  the  opinion  on  the  dura- 
tion of  the  mines  of  the  Transvaal  and  Australia  is  intended  to  elve  capitalists 
and  financiers  an  opportunity  of  Judging  of  gold  affairs,  independently  of 
speculations  on  the  Bourse.  Special  chapters  are  devoted  to  the  study  of  the 
latest  novelties,  notably  to  the  use  of  Tube-Mills  which,  it  is  stated,  allow  of 
doubling  the  capacity  of  the  Californian  mills.  The  introduction  treats  of 
considerations  of  gold  mines  in  general  and  the  properties  of  gold.  The  first 
part  on  extraction  of  gold  from  minerals  treats  of  auriferous  alluvium,  prospect- 
ing and  methods  of  working.  The  second  part  on  gold  veins,  in  two  chapters, 
treats  of  auriferous  quartz  with  free  milling  ores  and  quartz  containing  refrac- 
tory ores.  Part  three  contains  monographs  on  types  of  installation.  There 
is  an  alphabetical  index  of  eighteen  pages. 

HYQI^NE  ET  S^CURITB  DU  TRAVAIL  INDUSTRIEL. 

Par  Georges  G.  Paraf.  Paper,  10  x  6  in.,  illus.,  Y  +  ^32  pp. 
Paris,  Vve.  Ch.  Dunod,  1905.    20  francs. 

The  preface  states  that  the  purpose  of  this  work  Is  a  complete  study  of  the 
sanitary  conditions  of  manufacturing ;  that  the  author  has  taken  his  examples 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the 
publishers. 
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from  some  of  the  best  establishments  in  France  and  foreign  countries,  and 
thus  attempted  to  show  the  latest  perfected  usages  for  the  hygiene  and  nefety 
of  the  la1x>rer.  Among  the  establishments  described  are  those  of  S^vre^), 
Delauny-Belleville,  Schneider.  Appert,  Menier.  Weyher  and  Richemond,  Darracq, 
in  France ;  and  Krupp,  L.  Loewe,  Pintsch,  Siemens,  Cockerill,  Colyille.  Sturte- 
vant,  Richard,  Escfaer  Wyss,  Sulzer,  etc..  in  other  countries.  It  is  stated  that 
while  adhering  to  the  technical  questions,  which  are  brought  together  in  gen- 
eral groups,  the  author  also  touches  the  medical  and  Judicial  side.  An  appen- 
dix giyes  laws,  decrees  and  decisions  on  labor  in  France.  It  is  stated  that  the 
medical  part  has  been  treated  as  much  from  the  point  of  view  of  the  hygiene 
of  the  workshop  as  of  the  workman  himself.  This  last  question  Is  of  immediate 
Interest,  because  it  will  be  the  basis  of  future  legislation  on  the  workman. 
There  is  a  subject  index  and  an  index  of  illustrations,  the  two  covering  fifteen 
pages. 

aeoLooY  OP  western  ore  deposits. 

By  Arthur  Lakes.  New  Edition,  re-written  and  enlarged.  Cloth, 
8x6  in.,  488  pp.,  illus.  Denver,  The  Kendrick  Book  and  Stationery 
Company,  1905.    $2.50  net. 

It  is  stated  in  the  preface,  that  it  has  been  the  writer's  object  to  illustrate 
the  principles  of  mining  geology  rather  than  to  dilate  on  any  particular  rich 
or  noted  mine.  If  a  small  mine  illustrates  some  important  geological  or  other 
Interesting  feature  in  the  science  of  mining,  attention  is  given  to  that  mine 
rather  than  to  its  more  noted  neighbor.  Preference  is  given  to  Colorado's  mines 
because  the  writer  is  more  familiar  with  them,  and  they  well  illustrate  the 
leading  principles.  Those  outside  of  Colorado  are  selected  and  described  as 
enlarging  on  principles  previously  discussed.  The  first  part  of  the  book  relates 
to  general  features  of  mining  geology.  This  Is  followed  by  illustrations  drawn 
from  Colorado  mining  camps  and  others  of  the  Western  States.  There  is  an 
index  of  fourteen  pages. 

CEMENT,  LIMBS  AND  PLASTERS; 

Their  Materials,  Manufacture  and  Properties.  By  Edwin  C. 
Eckel,  Assoc.  Am.  Soc.  C.  E.  Cloth,  9x6  in.,  34  +  712  pp., 
illus.    New  York,  John  Wiley  &  Sons,  1905.    $6. 

The  preface  states  that  this  volume  is  the  result  of  an  attempt  to  provide 
a  summary  of  the  subject  from  an  American  point  of  view,  covering  the  com- 
position and  character  of  the  raw  materials,  the  methods  of  manufacture,  and 
the  properties  of  the  various  cementing  materials.  Reference  lists  have  been 
placed  in  almost  every  chapter  of  this  volume.  These  lists  contain  the  names 
of  some  papers  and  articles  published  in  European  periodicals  or  transactions, 
but  most  of  the  titles  cited  will  be  found  in  American  Journals.  It  is  stated 
that  stress  has  been  laid,  in  the  discussion  of  manufacturing  methods,  on  the 
general  chemical  and  physical  principles  which  underlie  these  methods  rather 
than  on  the  details  which  diCFer  at  every  plant  and  may  change  with  every 
year.  So  far  as  possible  it  is  stated  such  details  as  bear  on  labor, 
power  and  costs  have  been  discussed.  The  contents  are :  Part  I,  Plasters ;  Part 
II,  Limes :  Part  III.  Magnesia  and  Oxychloride  Cements ;  Part  IV,  Hydraulic 
Limes,  Selenitic  Limes,  and  Grappier  Cements ;  Part  V,  Natural  Cements ;  Part 
VI,  Portland  Cement :  Part  VII,  Puszolan  Cements.  There  is  an  index  of 
twenty-two  pages. 

THE  BBRLIN-ZOSSEN  ELECTRIC  RAILWAY  TESTS  OF  1903; 

A  report  of  the  Test  Runs  Made  on  the  Berlin-Zossen  Railroad 
in  the  Months  of  September  to  November,  1903.  Translated  from 
the  German  by  Franz  Welz;  with  an  Introduction  Discussing  the 
General  Subject  of  Train  Resistance,  by  Louis  Bell.  Cloth,  11  x  8 
in.,  16  +  99  pp.,  illus.  Xew  York,  McGraw  Publishing  Company, 
1905.     83. 

The  introduction  states  that  the  points  at  issue  in  the  Berlin-Zossen  ex^ 
perlments  were,  the  feasibility  of  adequate  power  suppljt  to  a  moving  train  at 
nigh  speed ;  the  determination  of  the  actual  power  required  at  such  speeds  and 
the  construction  of  roadway  and  rolling-stock  required  to  make  such  SP®^,^ 
mechanically  secure.  These  tests  were  carried  on  by  the  "Studiengesellscnaft 
on  the  Military  Railroad  and  it  is  stated  they  were  enabled  to  make  exact 
measurements  and  gather  data  regarding  high-speed  service.  This  book  con- 
tains an   account  of  the  preparations  for  the   tests ;   the  improvement  of   the 
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road  and  the  rolling-stock ;  and  of  some  new  measuring  Instruments ;  and  also 
describes  the  method  of  procedure  and  gives  the  results  of  test  runs.  There  Is 
no  index. 

COKE; 

A  Treatise  on  the  Manufacture  of  Coke  and  other  Prepared 
Fuels  and  the  Saving  of  By-Products.  By  John  Fulton.  Cloth, 
9x6  in.,  14  +  476  +  22  pp.,  illus.  Scranton,  International  Text- 
book Company,  1906.    $5. 

It  is  stated  in  the  preface  that  the  interval  of  nine  years  since  the  appear- 
ance of  the  first  edition  has  retired  some  of  the  former  me*  hods  of  the  manu- 
facture of  coke,  and  introduced  many  new  ones.  The  book  contains  chapters 
on  The  Coal  Fields  of  North  America ;  The  Formation  and  Chemical  Propertlra 
of  Coal ;  Preparation  of  Coals  for  the  Manufacture  of  Coke ;  History  and  Devel- 
opment of  the  Coke  Industry ;  Manufacture  of  Coke ;  Retort  and  By-Product- 
Savlng  Coke  Ovens;  Physical  Properties  of  Charcoal.  Anthracite,  and  Coke, 
and  a  Comparison  of  Beebive  and  By-Prod uct  Coke ;  The  Laboratory  Methods 
of  Determining  the  Relative  Calorific  Values  of  Metallurgical  Fuels;  The 
Locating  of  Plants  for  the  Manufacture  of  Coke ;  General  Conclusions  on  the 
Work,  Cost,  and  Products  of  the  Several  Types  of  Coke  Ovens ;  The  Fuel  Briquet- 
ing  Industry.     There  is  an  index  of  almost  eight  pages. 

HYDRAULIC  TABLES: 

Showing  the  Loss  of  Head  due  to  the  Friction  of  Water  Flowing 
in  Pipes,  Aqueducts,  Sewers,  etc.,  and  the  Discharge  over  Weirs. 
By  Gardner  S.  Williams,  M.  Am.  Soc.  C.  E.,  and  Allen  Hazen, 
M.  Am.  Soc.  C.  E.  Cloth,  9x6  in.,  3  +  75  pp.  New  York,  John 
Wiley  &  Sons,  1906.    $1.50. 

It  is  stated  in  the  introduction  that  these  tables  show  the  flow  of  water  in 
pipes  and  other  passages,  as  computed  by  the  Hazen-Williams  hydraulic  slide- 
rule,  based  upon  a  formula  used  by  the  authors  for  some  time.  A  specially 
constructed  slide-rule  was  prepared.  All  the  computations  of  figures  con- 
tained in  this  volume,  except  a  few  fundamental  ratios,  have  been  made  with 
this,  and,  it  is  stated,  only  such  accuracy  has  been  sought  as  can  be  readily 
obtained  by  this  method.  The  book  treats  of  the  Formula  Used ;  Increasing 
Friction  with  Age,  how  Computed,  and  Indicated  in  the  Tables ;  Observations 
of  Flow  in  Cast-iron  Fipe,  Riveted-Steel  Pipe,  Wooden-Stave  Pipe,  Rectangular 
Wooden  Pipe,  Cement  Fipe,  Wrought- Iron  Pipe,  Galvanized- Iron  Pipe,  Brass 
Pipe,  Lead  Pipe,  Glass  Pipe,  Fire-hose,  Open  Conduits,  Aqueducts,  Brick 
Sewers,  Canals ;  Table  of  Flow  in  Small  Brass  Pipes,  Wrought-Iron  Pipes, 
Hose  and  Pipes,  Pipes  from  4  in.  to  144  in.  in  Diameter ;  Relative  Discharg- 
ing Capacity  and  Table  of  Flow  in  Aqueducts ;  Sewers.  Table  of  Slopes  Required 
to  Produce  Certain  Velocities :  Tile  Sewer  Table ;  Circular  Brick  Sewer  Table ; 
Decrease  in  Carrying  Capacity  of  Ca^t-Iron  Pipe  with  Age;  Comparison  of 
Results  with  those  of  Comn  and  Weston ;  Metric  Pipe  Table ;  Loss  of  Head  In 
Venturi  Meter;  Underdraii- •»  for  Sand-Filters;  Flow  over  Weirs. 

QBOLOQY  APPLIED  TO  MINING  ; 

A  Concise  Summary  of  the  Chief  Geological  Principles,  a 
Knowledge  of  which  is  Necessary  to  the  Understanding  and  TrapeT 
Exploitation  of  Ore-Deposits  for  Mining  Men  and  Students.  By 
Josiah  Edward  Spurr.  Cloth,  8x6  in.,  13  +  326  pp.  New  York, 
The  Engineering  and  Mining  Journal,  1904,    $2. 

The  preface  states  that  the  author  attempts  in  the  present  volume  *  to  give 
concisely  the  results  of  the  science  of  geology  bearing  upon  ore-deposits.  In 
preparing  this  work,  it  is  stated,  two  points  have  been  kept  in  mind ;  first  to 
make  statements  as  clear  as  possible,  considering  the  technical  nature  of  the 
subject ;  and  second  to  present  the  scientific  facts  accurately,  and  as  fully  as 
absolutely  necessary.  Simplicity  of  language  has  been  constantly  striven  after. 
The  book  contains :  The  Processes  of  Ore-Deposition ;  The  Study  of  the  Ar- 
rangement of  the  Stratified  Rocks  as  Applied  to  Mining ;  The  Study  of  Igneous 
Rocks  as  Applied  to  Mining ;  The  Study  of  Dynamic  and  Structural  Geology  as 
Applied  to  Mining ;  The  Study  of  Chemical  Geology  as  Applied  to  Mining ;  The 
Relation  of  Physiography  to  Mining.     There  is  an  index  of  fourteen  pages. 
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REPORT  OP  JOSEPH  L.  BRISTOW. 

Special  Panama  Railroad  Commissioner  to  the  Secretary  of 
War,  June  24,  1905.  Published  by  Office  of  Administration, 
Isthmian  Canal  A£Fairs.  Paper,  9x6  in.,  557  pp.  Washington, 
1906. 

This  is  a  report  on  the  policy  which  the  Qovernment  should  pursue  in  regard 
to  the  steamship  lines  connecting  with  the  Panama  Railroad.  In  addition  to 
the  report  by  Mr.  Bristow,  it  contains  many  valuable  appendices  giving  the 
treaties  and  contracts  relating  to  the  Panama  Railroad,  and  reports  from 
shippers  on  the  western  coasts  of  North  and  South  America,  and  the  eastern 
coast  of  the  United.  States. 

> 
WIRELESS  TELEGRAPHY ; 

Its  History,  Theory  and  Practice.  By  A.  Frederick  Collins. 
Cloth,  9x6  in.,  illus.,  11  +  299  pp.  New  York,  McQraw  Publish- 
ing Company,  1905.    $3. 

It  is  stated  in  the  preface  that  since  it  frequently  happens  that  didactic 
treatises  fall  into  the  hands  of  the  untaught,  and  that  the  simplest  of  texts 
are  sometimes  found  useful  by  the  specialist,  it  is  proposed  that  all  the  various 
phases  of  the  subject  under  consideration  should  receive  due  attention,  and,  by 
connecting  them  in  a  series,  a  complete  and  logical  account  would  necessarily 
follow  and  bring  the  state  of  the  art  down  to  the  present  time.  For  this  rea- 
son a  brief  historical  retrospect  takes  precedence  at  the  beginning  of  nearly 
every  chapter,  and  then  follow  the  theoretical  deductions,  experimental  physics, 
and.  finally,  the  practical  workings  are  given.  The  contents  are:  Ether;  Wave 
Motion;  Electric  Waves;  Disruptive  Discharge;  Electric  Oscillations;  Oscil- 
lators ;  Capacity,  Inductance  and  Resistance ;  Mutual  Induction ;  Induction 
Coils;  Interrupters;  Oscillating  Current  Generators;  Electric  Wave  Action; 
Electric  Wave  Detectors ;  Transmitters ;  Receptors ;  Subsidiary  Apparatus ; 
Aerial  Wires  and  Earths ;  Resonance ;  Syntonization ;  Wireless  Telephony. 
There  is  an  Index  to  Names  of  two  pages. 


Gifts  have  also  been  received  from  the  following  : 


Aachen — ^KSnigliche  Tech.  Hochschule. 

1  pam. 
Am.  Ceramic  Soc.     2  vol. 
Am.  Electrochemical  Soc.    1  bound  vol. 
Am.  Inst,  of  Elec.  Engrs.     1  pam. 
Am.  Soc.  Mech.  Engrs.     1  bound  vol. 
Bangor — ^Water  Board,     x  pam. 
Berlin — ^KOnigliche   Tech.    Hochschule. 

1  pam. 
Brit.    Fire   Prevention   Committee.      2 

pam. 
Buffalo,    Rochester   ft    Pittsburgb    Ry* 

Co.     1  pam. 
Cal.  Academy  of  Sci.     2  pam. 
Cape  Soc.  of  Civ.  Engrs.     2  pam. 
Central  of  Georgia  Ry.  Co.     1  pam. 
Chicago    Great    Western    Ry.    Co.      1 

pam. 
Chicago,    Milwaukee   ft    St.    Paul    Ry. 

Co.     1  pam. 
Dansk  Ingenlorfrenlng.     1  pam. 
Denver   ft  Rio   Grande   R.   R.    Co.      1 

pam. 
Egypt — Chairman  State  Rys.    92  pam. 
Eng.   Standards  Committee.     18  pam. 
Bricson,  John.     1  bound  vol. 
Floesch,  J.  M.     1  pam. 
Franklin — Municipal  Water  Works.     1 

pam. 
Glasgow    Corporation    Tramways.      1 

pam. 
Great  Britain — Patent  Office.     12  vol.. 

7  pam. 
Hanover — Kdnlgllchen    Tech.      Hochs- 
chule.    1  pam. 
India — Public  Works  Dept.  Ry.  Branch. 

1  vol. 


Inst,  of  Civ.  Engrs.     1  bound  vol. 
Inst,  of  Min.  ft  Metallurgy.     1  bound 

vol. 
Inter.  Navigation  Congress.     1  vol.,  1 

pam. 
Iron  and  Steel  Inst.     1  bound  vol.,  1 

pam. 
Junior  Inst,  of  Engrs.     1  bound  vol. 
Kirkpatrick,  W.  O.    2  pam. 
Le  Baron,  J.  F.     1  map. 
Lehigh  Valley  R.  R.  Co.     1  pam. 
Lynn — City  Govt.     1  bound  vol. 
McGill  Univ.     1  bound  vol. 
McKeesport — Board  of  Water  ft  Light- 
ing Commrs.     1  pam. 
Manchester  Assoc,  of  Engrs.     1  bound 

vol. 
Marwick,  James.     2  pam. 
Marwick,   Mitchell    &      Co.      1    bound 

vol. 
Merchants'  Assoc,  of  N.  Y.     1  pam. 
Mich.  Coll.  of  Mines.     2  pam. 
Midland  Ry.  Co.     1  pam. 
Missouri — ^K.    R.        and        Warehouse 

Commrs.      1  bound  vol. 
Municipal  Art  Soc.     1  pam. 
Nashville — ^Waterworks  Dept.     1  pam. 
New      Hampshire — State      Board      of 

Health.      2   pam. 
New  Jersey — State  Board  of  Health.    1 

bound  vol. 
New   South  Wales — Govt.   Statistician. 

3  pam. 
New    South    Wales — Ry.    Commrs.      1 

pam. 
New   York — State   Museum.      1   vol. 
"New  York  City  Record.     3  bound  vol. 
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North  Carolina — Board  of  Health.     1 

pam. 
Orlando,  Paolo.     1  pam. 
Philadelphia — Bureau    of    Water.       1 

bound  vol. 
Portland — Park  Board.     1  pam. 
Potter,  Alexander.     1  pam. 
South  Eastern  Ry.  Co.     2  pam. 
U.  S.  Bureau  of  Bng.     1  pam. 
U.  S.  Bureau  of  Forestry.     6  pam. 
U.  S.  Bureau  of  the  Census.     2  bound 

vol. 
U.  S.  Engr.'s  School.     1  pam. 


U.  S.  Qeol.  Surv.     4  vol. 

U.  S.  Isthmian  Canal  Comm.     2  bound 

vol.,   1   vol. 
U.  S.  Lake  Surv.     1  pam.,  1  map. 
U.  S.  War  Dept.     3  pam.,  14  specif. 
ITniv.  of  Illinois.     1  pam. 
Univ.  of  Nebraska.     1  vol. 
Wnrd,  P.  C.     2  vol. 
Webster.  G.  S.     1  bound  vol. 
Weeks,  H.  C.     1  pam. 
Western  New  York  Car  Service  Assoc 

1  pam. 
Wilmington — Water   Dept.      2   pam. 


BY  PURCHASE. 

Sir  Henry  Bessemer,  F.  R.  S.,  an  Autobiography  with  a  Conclud- 
ing Chapter.    London,  Offices  of  Engineering,  1905. 

American  Telephone  Practice.  By  Kempster  B.  Miller.  Fourth 
Edition,  Enlarged  and  Entirely  Rewritten.  New  York,  McGraw  Pub- 
lishing Company,  1905. 

American  Street  Railway  Investments,  Published  Annually  by 
the  Street  Bailway  Journal,  for  the  Use  of  Bankers,  Brokers,  Cap- 
italists, Investors  and  Street  Railway  Companies.  Eleventh  and 
Twelfth  Annual  Volumes,  1904-05.  New  York,  The  McGraw  Pub- 
lishing Company. 

Sewerage  and  Sewage  Purification.  By  M.  N.  Baker.  Second 
Edition,  Revised  and  Enlarged.  New  York,  D.  Van  Nostrand  Com- 
pany, 1905. 

Mechanics  of  Air  Machinery.  By  Julius  AVeisbach  and  Gustav 
Herrmann.  Authorized  Translation  with  an  Appendix  on  American 
Practice,  by  Aniasa  Trowbridge.  New  York,  D.  Van  No8ti*and  Com- 
pany, 1905. 

Bacteriology  and  the  Public  Health.  By  George  Newman.  Third 
Edition.    Philadelphia,  P.  Blakiston's  Son  &  Co.,  1904. 

Technfsche  Messungen,  insbesondere  bei  Maschinenunter- 
suchungen  zum  Gebrauch  in  Maschinenlaboratorieu  und  fur  die 
Praxis.     Von  Anton  Gramberg.     Berlin,  Julius  Springer,  1905. 

Annual  Report  of  the  Reclamation  Service*  lst-2d;  with  Maps  to 
Accompany  First  Annual  Report.  United  States  Geological  Survey. 
3  vols.     Washington,  Government  Printing  Office,  1903-04. 

American  Tool  Making  and  I  nterchangeable  Machinery.  By  Joseph 
V.  Woodworth.  New  York,  The  Norman  W.  Henley  Publishing  Co., 
1905. 

Gold  Dredging  in  California.  Bulletin  No.  36,  California  State 
Mining  Bureau.  Lewis  E.  Auburv,  State  Mineralogist,  Sacramento, 
1905. 

Report  of  the  Royal  Commission  Appointed  to  Inquire  into  and 
Report  Upon  the  Means  of  Locomotion  and  Transport  in  London. 
London,  Wyman  &  Sons,  1905. 
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Donations  (including  12  duplicates) 278 

By  purchase Vd 

Total 291 
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MEMBERSHIP. 

ADDITIONS. 

MBj1pISKo« 

Date  of 
Membership. 

Babnbtt,  John  WiLiiiAM.     City  Engr.,  Athens,  Gra. Jan.  4,  1905 

Bbangh,  Ebkest  WiiiiiiAM.    72  Putnam  St.,  Quincy,  Mass.  Sept.  6,1905 
Eauffmakn,   WiiiiiiAM  Fbedebick.      Asst.  £ngr.,  Erie 

B.  B.  Co.,  50  Lincoln  PL,  East  Butherford,  N.  J. . . .  Sept.  6,  1905 
Parsons,  Bobebt  Stevens.     Care,  Erie  B.  B.,  812  Gar- 
field Bldg.,  Cleveland,  Ohio Sept.  6,  1905 

Pearson,  WiLiiiAM  Anson,  Jr.    Chf.   Engr.,  Gen.   Elec. 

Co.,  Schenectady,  N.  Y Sept.  6,  1905 

Van  Vleck,  John.     32  Park  PI.,  New  York  City May  3,  1905 

ASSOCIATE   MEMBEBS. 

Cablin,  Joseph  Patrick.    Secy.,  P.  J.  Carlin  \  j  q^^      ^  jg^g 

Constr.  Co.,  1  Madison  Ave.,  New  York  [^^^^  ^  '     g'  ^^ 

City I 

DabijINO,  John  Whitson.    20  Hawley  St.,  Buffalo,  N.  Y..     June    7,  1905 

How,  BiCHABD  WiiiLis.    Chf.   Insp.   (Bridge  \  j^^^  j^^^     g   jggg 

Engr.'s  Office),   Long  Island  B.   B.,   ^[j^^^^y^,    March  1.' 1905 
Hanson  PL,  Brooklyn,  N.  Y ) 

Manning,  WiiiLiAM  Sheppabd,  Jr.     Care,  The  Solvay 

Process  Co.,  Syracuse,  N.  Y Sept.     6, 1905 

Sheldon,  ChabijES  Smith.  Asst.  Engr.,  Cin.,  Hamilton 
&  Dayton  By.,  3520  Bevis  Ave.,  Evanston,  Cin- 
cinnati, Ohio June     7,  1905 

STiiVESTEB,  AiiBEBT  HaIiE.  Topographer,  U.  S.  Geologi- 
cal Survey,  Sacramento,  Cal June     7,  1905 

Taubenheim,  UiiBiCH.     Archangel,  Bussia Feb.     1,  1905 

jrUNIOBS. 

ABBOTT,  Httnioey.    1508  Hanover  Bank  Bldg.,  New  York 

City Sept.  5,  1905 

Bbadt,  Joseph.     1070  Third  Ave.,  New  York  City Sept.  5,  1905 

Dbowne,  Henby  Bebnabdin.    20  Benefit  St.,  Providence, 

B.  I Sept.  5,  1905 

BiCH,  Melvin  S.     1017  Adams  St.,  Wilmington,  Del Sept.  5,  1905 

SwABTwouT,  Boy  Adolp.    Care,  H.  T.  Ward  &  Co.,  Te- 

cumseh,  Nebr May  2,  1905 

TUBNEB,  Le  Babon.     Geneva,  111 Sept.  5,  1905 

Whitino,  Geoboe  WiLiiiAM  Cablyle.    Catonsville,  Md..  Sept.  5,  1905 

CHANGES  OP  ADDRESS. 

MEMBEBS. 

Adgate,  Geoboe.    Western  Mgr.,  Foundation  &  Contr.   Co.,  624  New 
Nelson  Bldg.,  Kansas  City,  Mo. 
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Beach»  Lansiko  Hoskins.    MaJ.,  Corps  of  Engrs.,  U.  S.  A.,  Fort  Leav- 
enworth, Kans. 

Bemsnt,  Bobebt  Bttnkeb  Ck>iiEMAN.    Gontr.  and  Cons.  Engr.,  4th  and 
Wacouta  St.,  St.  Paul,  Minn. 

Beuoleb,  Edwin  James.  Westinghouse,  Church,  Kerr  &  Co.,  10  Bridge 
St.,  New  York  City. 

B1.ACKFOBD,  Fbancib  Websteb.  Prolongacion  del  5  de  Mayo  No.  9, 
City  of  Mexico,  Mexico. 

BiiACKWBLii,  Chablbs.  Hcrsohel  and  Observatory  Aves.,  Hyde  Park,  Cin- 
cinnati, Ohio. 

Camp,  WAiiTEB  Mason.  Editor,  Railway  Review,  7740  Union  Ave., 
Chicago,  111. 

CAPiiBB,  Mabtin  Joseph.  Gen.  Mgr.,  South  &  Western  By.,  Bristol, 
Tenn. 

CoNKiiiNQ,  CiiOVP  CiiiPPOBD.  Cous.  Civ.  Engr.,  798  Ellicott  Sq.  Bldg., 
Buffalo,  N.  Y. 

Fo8Teb»  Ebnebt  Howabd.  Vice-Pres.,  Power  Specialty  Co.,  Ill  Broad- 
way, New  York  City. 

GsBiG,  WiiiiiiAM.  Div.  Engr.,  Isthmian  Canal  Comm.,  La  Boca,  Canal 
Zone,  Panama. 

Hatden,  WiiiLiAM  WAiiiiAOE.  Asst.  Engr.,  Mo.  Pac.  By.  Co.,  St,  Louis, 
Mo. 

Hennt,  David  Chbistiaan.  Superv.  Engr.,  U.  S.  Bedamation  Service, 
435  Fourteenth  St.,  South,  Portland,  Ore. 

Hebmann,  Edwabd  Adolfh.     1126  State  St.,  Alton,  111. 

Hough,  David  Leavitt.  Pres.,  The  United  Eng.  &  Contr.  Co.,  32  East 
33d  St.,  New  York  City. 

Hunt,  Bufub  Camebon.  Mgr.,  Sections  13  and  14,  Rapid  Transit  Subway, 
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C.  A.  P.  Turner,  M.  Am.  Soc.  C.  E.     (54)  Vol.  54. 

The  Evolution  of  the  Practice  of  American  Bridge  Building.  Charles  C.  Schnei- 
der. President  Am.  Soc.  C.  E.     (Presidential  Address.)      (54)  Vol.  54. 

On  the  Construction  of  a  Concrete  Railway- Viaduct.*  Arthur  Wood-Hill,  Assoc. 
M.  Inst.  C.  E..  and  Edward  Davy  Pain,  Stud.  Inst.  C.  E.     (63)  Vol  160. 

The  Damodar  Coal-line  Bridge:  Midnapur-Jherria  Extension  of  the  Bengal- 
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Cantilever  Bridge  across  the  River  Mattig,  Austria.*      (12)    July  28. 
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Compressed  Air  Foundations  for  Bridges.*  G.  W.  M.  Boycott.  (12)  Serial 
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The  Croton  Lake  Railroad  Bridge.*     (14)  Aug.  5. 

The  Erection  of  the  James  River  Viaduct.  Richmond,  Va.*     (14)  Aug.  5. 

Some  Experiments  in  Waterproofing  Solid  Floor  Bridges.      (14)    Aug.  5. 

The  Anacostia  Bridge,  Washington,  D.  C*  (40)  Aug.  11;  (14)  Serial  begin- 
ning Aug.  19. 

The  Kazarguene  Bridge.     L.  Ramakers.      (19)   Aug.  12. 

Excavation  and  Pile  Driving,  for  Brooklyn  Anchorage.  Manhattan  Bridge.* 
(14)    Aug.   12. 

Reinforced  Concrete  Bridges  in  a  Newark  Park.*      (14)  Aug.  12. 

The  Mclntyre  Creek  Viaduct.*      (14)   Aug.  12.  ^  „    «     . 

Some  Notes  on  the  Development  of  Eye-Bar  Manufacture.     Joseph  H.  Springer, 

Sr.      (13)  Aug.  17.  ,    „,        x>  .^  .      *w 

The  New  Masonry  Arch  Bridge  at  Plauen,  Saxony,  and  Two  Bridges  in  the 
Black  Forest.*     W.  J.  Douglas.     (13)  Aug.  17. 

The  Chain  Suspension  Bridge  at  Budapest.  Hungary.*     (13)  Aug.  24. 

The  Erection  of  the  Bellevue  Viaduct.*      (14)  Aug.  26. 

Electric  Installation  for  Contractors'  Plant  on  Brooklyn  Anchorage  of  Man- 
hattan Bridge.*      (14)   Aug.  26. 

The  Elizabeth  Bridge  at  Budapest.*      (46)   Sept.  9. 

Note  sur  le  Calcul  des  Arcs  Encastrds.     M.  Pigeaud.      (43)   2^  Trimestre.  1905. 

L' Accident  du  Pont  Maximlllen,  a  Munich.*      (33)  July  22. 

Pont  a  Basculement  sur  I'Oder.  a  Stettin.*  A.  Bidault  des  Chaumes.  ($3) 
Aug.  19. 

Die  Steinbeckerthorbrficke  in  Greifswald  bel  der  Sturmflut  am  31.  Dezember, 
1904.*  Scholl.  (Paper  read  before  the  Deutscher  Beton  Verein.)  (80) 
Aug.  19. 
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Wireless  Telegraphy  Measurements.     W.  Duddell,  and  J.  B.  Taylor.     (77)  July. 

Telephone  Traffic*     Herbert  Laws  Webb.     (77)   July. 

Low  Tension  Thermal  Cut- Outs,*     Alfred  Schwartx.     (77)  July. 

Notes  on  Heating  and  Sparking  Limits  In  Variable  Speed  Motors.     A.  H.  Bate. 
(77)   Julr. 

Commutation  In  a  Four-Pole  Motor.     J.  K.  Catterson  Smith.     (77)  July. 

The  Fisher  Street  Sub-Station  of  the  Metropolitan  Electric  Supply   Co.,   Ltd.* 
(26)  July  28. 

An    Ehcperlmental    Determination    of    Air-Qap    Reluctance.*      Chas.    H.    Smoot. 
(4)  Aug. 

Johnson-Lundell  Regenerative  System  of  Electric  Traction.*     (26)  Aug.  4 ;  (73) 
Aug.  4. 

The  Kinetic  Variation  of  Pressure  in  Electric  Generators.*     Alexander  Russell. 
(73)   Aug.  4. 

The  Clyde  Valley  Electrical  Power  System.  Glasgow.  Scotland.*     (27)  Aug.  6. 

Electric  Power  Plants  of  Portland.  Ore.*      (14)   Ahg.  5. 

Hydro-Blectrlc  Power  Station,  California  Gas  ft  Electric  Corporation,  De  Sabla, 
Cal.*     J.  D.  Galloway.     (13)  Aug.  10. 

An   Austrian    Inductive   Telephone   Trunk   Line.*      R.    Nowotny.      (Abstract   of 
Paper  in  Vienna  Zeitachrift  fUr  Elektrotechnik.)        (73)   Aug.  11. 

Armature  Losses  in  Double-Cfurrent  Generators.*     Alfred  Still,   M.   Inst.  C.  B. 
(27£  Aug.  12. 

Hydro-Electric  Development  at  Turners  Falls.*     (27)  Aug.  12. 

Subsidiary  Apparatus  of  the  Telefunken  System.*     A.  Frederick  Collins.      (27) 
Aug.  12. 

The  Steam  Turbine  as  Applied  to  Electrical  Engineering.*     Charles  A.  Parsons, 
G.  Gerald  Stoney,  and  C.  P.  Martin.     (19)  Aug.  12. 

Electric  Power  Developments  at  Niagara  Falls.*     (46)  Serial  beginning  Aug.  12. 

Generating  System  of  the  Portland  General  Electric  Co.*      (14)  Aug.  12. 

Frome  Electricity  Works.*     (26)  Aug.  18. 

An  lUIian  40  000- Volt  Transmission  Plant.*     Franz  Koester.     (27)  Aug.  19. 

Inter-Relation  of  Ballast  and  Glower  in  the  Nernst  Lamp.     Lewis  A.  Terven. 
(27)  Aug.  19. 

Measurement  of  the  Slip  of  Induction  Motors.*     C.  V.  Drysdale.     (73)  Aug.  25. 

Notes  on  Mains  Work  and  Fault- Finding.     G.  C.  Knight.      (26)    Serial  begin- 
ning Aug.  26. 

The  Fife  Electric  Power  Scheme.*     (26)  Aug.  25. 

Accumulators  with  Reversible   Boosters    for   Factory   Installations.      Ralph   W. 
Birkett.      (26)   Serial  beginning  Aug.  25. 

Notes  on  the  Induction  Motor  as  Generator.     T.  P.  E.  Butt.     (Abstract  of  Paper 
read  before  the  South  African  Assoc,  of  Engrs.)      (73)   Aug.  25. 

A  Novel  Electric  Traveling  Crane.*     (14)  Aug.  26. 

Reactance  E.  M.  F.  and  the  Design  of  Commutating  Machines.     C.  A.  Adams. 
t27)  Aug.  26. 

European  Vertical  Turbine  Hydro- Electric  Plants.*  Frank  C.  Perkins.  (41) 
Serial  beginning  Sept.  .-..   «     .    « 

The  Turbo-Electric  Drive  in  Paper  Mill  Service.*     J.  R.  Bibblns.     (14^  Sept.  2. 

Waterside  Station  No.  2  of  the  New  York  Edison  Company.*  (27)  Serial  be- 
ginning Sept.  2. 

The  Electric  Light  and  Power  Plant  of  Brlgham  City,  Utah.*  W.  P.  Hardesty. 
(13)   Sept.  7. 

Some  Notes  on  Nickel- Iron  and  Lead  Storage  Batteries  and  Accumulator  Trac- 
tion.    (19)   Sept  9. 

Les  Dynamos  Acycliques.*      (33)   July  29. 

Elektrlsch  Betriebener  Werft-Drehkran.*      (48)    Aug.  5. 

Wlrbelstromverluste  Im  Ankerkupfer  Elektrischer  Maschinen.*     Bruno  Loewen- 

herz  and  A.  H.  van  der  Hoop.     (48)  Aug.  19. 
Die  Aniagen  der  Hamburgischen   Elektrizit&tswerke.*     Max   Rupprecht.      (48) 
Serial  beginning  Aug.  26. 

Unterseekabel.*     Hermann  Hlldebrandt.     (48)   Aug.  26. 

Marine. 

Deductions  from  Recent  and  Former  Experiments  on  the  Influence  of  the  Depth 
of  Water  on  Speed.*  W.  W.  Marrlner.  (Paper  read  before  the  Inst,  of 
Naval  ArchU.)      (12)   July  28. 

Notes  on  the  Causes  of  Accidents  to  Submarine  Boats,  and  Their  Salvage.  R. 
H.  Bacon.  (Paper  read  before  the  Inst,  of  Naval  Archts.)  (11)  July  28; 
(12)  Aug.  4. 

Turbines  and  Reciprocating  Engines  In  the  Midland  Railway  Company's  Steam- 
ers. William  Gray.  (Paper  read  before  the  Inst,  of  Naval  Archts.)  (11) 
Aug.  4;   (12)   Aug.  11. 

Experiments  on  Resistance  of  Ships  Models.*  G.  Rota.  (Paper  read  before  the 
Inst,  of  Naval  Archts.)      (11)  Aug.  4. 
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Marine— (Coatlnued) . 

Fractures  In  Large  Steel  Boiler  Plates.*     J.  T.  Milton.     (Paper  read  before  the 
Inst,    of   Naval   Archts.)       (U)    Serial    beginning   Aug.    4;    abstract    (20) 

Qas- Engine  with  Producer  for  Marine  Use.*     (II)  Aug.  4;  (62)  Sept.  7. 

Notes  on  the  Trials  of  H.  M.  Scout  Adventure.*     (12)  Aug.  4  and  11. 

The  New  Japanese  Battleships.*     (46)  Aug.  5. 

The  Turbine-Drlyen  Chaniwr  Steamer  Dieppe.*     (11)  Aug.  18. 

The  Dockyards  and  Ship-Building  Plants  of  Japan.*     Chas.  Albertson.     (9)  Sept 

Mechanical. 

Refractoriness  of  Some  American  Pire-Brick.*    R.  P.  Weber.     (56)  Vol.  86. 
Standard  Specifications  for  Pig-iron  and  Iron  Products.*      (86)   Vol.  85. 
Fuel  and  Mineral  Brlquetting.    Robert  Schorr.     (56)  Vol.  86. 
Notes  on  the  Plow  of  Gas  from  Orifices.*     W.  R.  Crane.     (56)  Vol.  85. 
The  Types  of  Structure  and  the  Critical  Ranges  on  Heating  and  Cooling  of  High- 
Speed  Tool  Steels  under  Varying  Thermal  Treatment.*     H.  C.  H.  Carpenter. 

(71)    Vol.   67. 
Note  on  the  Failure  of  an  Iron    (boiler)   Plate  through  Fatigue.*     Sidney  A. 

Houghton.     (71)  Vol.  67. 
Impact  Tests  on  the  Wrought  Steels  of  Commerce.*    A.  B.  Seaton,  and  Alexan- 
der Jude.     (75)  Pt.  4,  1904. 
Design  and  Test  of  a  Modern  Factory  Steam-Power  Plant.*     Edward  Q.  Hiller. 

(75)   Pt.  4,  1904. 
A  Scientific  Investigation  into  the  Possibilities  of  Oas-Turbines.*    R.  M.  Neilson. 

(75)   Pt.  4,  1904. 
108-in.  Lathe  for  Turning  Turbine  Rotors.*     (11)  July  28. 
Feed- Water  Heaters.*     Ernest  R.  Briggs.     (12)  July  28. 
75-H.  P.  Condensing  Engine:  Liege  Exhibition.*      (12)   July  28. 
High-Speed  Lathes.*     Joseph  Horner.     (10)  Aug. 
The  Design  of  High-Speed  Lathes.     E.  H.  Pish.     (41)  Aug. 
The  Steam  Turbine.*     Storm  Bull.     (4)   Aug. 
The  By-Product  Coke  Oven.*     W.  H.  Blauvelt.     (4)  Aug. 
Some  French  Motor  Car  Works.*     (12)   Serial  beginning  Aug.  4. 
The  Interchangeability  of  Large  Screws.*     (II)  Aug.  4;   (47)  Aug.  6. 
A  Suction  Gas  Plant.*     (12)  Aug.  4. 
500-Horse  Phcanix  Corlis  Engine.*     (12)  Aug.  4. 
The  Zoelly  Steam  Turbine.*     Prank  C.  Perkins.      (19)  Aug.  5. 
The  Rotary  Blower  and  Exhauster.*     George  C.  Hicks,  Jr.     (Paper  read  before 

the  Western  Gas  Assoc.)      (24)  Serial  beginning  Aug.  7 ;   (83)  Sept.  1. 
The  Royal  Arsenal   (Woolwich)   Qas- Works.*      (66)   Aug.  8. 
Inclined  Retorts  and  Long-Distance  Gas  Distribution  at  St.  Gall.*     H.  Zollikofer. 

(Abstract  translation  of  Paper  read  before  the  German  Assoc,  of  Gas  and 

Water- Works  Engrs.)      (66)  Aug.  8. 
Stoppages  in  Meters  and  Service-Pipes.     Irvin  Butterworth.     (Paper  read  before 

the  Western  Gas  Assoc.)      (66)  Aug.  8:  Abstract  (13)  Aug.  17. 
The   Harmonic   Analysis   of   Valve   Motions.*      Silvanus   P.   Thompson.      (62) 

Aug.  10. 
The  Plow  of  Air  in  Metal  Pipes.    J.  H.  Klnealy.     (Paper  read  before  the  Amer. 

Soc.  of  Heat,  and  Vent.  Engrs.)      (13)  Aug.  10;  (47)  Aug.  26. 
Leaded  Joints  for  Lap- Welded  Steel  and  Wrought  Iron  Pipe.*     Edward  Prince, 

M.  Am.  Soc.  C.  E.     (13)  Aug.  10;   (22)  Aug.  25;  (47)  Aug.  26. 
The  Rateau  Regenerating  System  for  Utilizing  Exhaust  Steam  in  Low-Pressure 

Steam  Turbines.*     (13)  Aug.  10. 
600-Hor8e- Power  Carels  Compound-Condensing  Engine.*      (11)   Aug.  11. 
The  Works  of  the  Kansas  Portland  Cement  Co.*     Ellis  Soper.     (14)  Aug.  12. 
The  Steam  Turbine  as  Applied  to  Electrical  Engineering.*     Charles  A.  Parsons, 

G.  (}erald  Stonev,  and  C.  P.  Martin.     (19)  Aug.  12. 
Condensers  for  Turbines.*     (72)  Aug.  15. 

Test  of  400-Kw.  Westinghouse- Parsons  Turbine.     (72)  Aug.  15. 
(3oal  Sampling  and  Testing.     W.  B.  Calkins.     (Paper  read  before  the  Western 

Gas  Assoc.)      (83)  Aug.  15. 
Heavy  (German  Shears  and  Presses.*     Frank  C.  Perkins.     (20)  Aug.  17. 
Designing  Beam  Rolls.*      (20)    Aug.  17. 
Universal  Milling  Machine.*     (11)  Aug.  18. 
18.000  Horse- Power  Rollina-MiU  Engines.*     (II)  Aug.  18. 
Experiments  with  the  Langley  Aerodrome.*     S.  P. -Langley.     (19)  Aug.  19. 
Causes  of  Body  Crazing  in  Sewer  Pipe.    Walter  A.  Hull.     (Paper  read  before  the 

Amer.  Ceramic  Assoc.)      (14)  Aug.  19. 
The  Power  Plant  of  the  United  Shoe  Machinery  Co.*    Howard  S.  Knowlton.     (14) 

Aug.  19. 
Design  and  (Construction  of  Steam  Engines.     (47)  Serial  beginning  Aug.  19. 
A  Modern  Sulphate  Plant  Adapted  to  a  Small  Gas-Works.    C.  B.  Outon.     (Paper 

read  before  the  Irish  Assoc,  of  Gas  Mgrs.)      (66)  Aug.  22. 
Armor  Plate  Sawing.*     (20)  Aug.  24. 
Rope  Driving.*     Thomas  Hart.     (22)  Aug.  25. 
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MedunlGal— (Coatlnatd). 

(Bolt  and  Nut  Machines.)*      (U)  Aug.  25. 

Gas-Producer  for  Semi-Bituminous  Fuel  at  the  L16ge  Exhibition.*     (11)  Aug.  25. 

Smokeless  Combustion  and  Economy  of  Fuel.     William  Mayner.     (19)  Aug.  26. 

Mechanical  Plant  of  the  New  York  Hippodrome.*      (14)    Aug.  26. 

Accessory  Equipment  of  Electric  Furnace  Plants.     M.  M.  Qreen.     (16)  Aug.  26. 

The   Compression   and  Transmission  of   Illuminating  Gas.     Rix.      (Paper   read 

before  the  Pacific  Coast  Gas  Assoc.)      (24)    Serial  beginning  Aug.  28. 
The  Working  of  Generator  Settings  With  External  Producers.*     D.  W.  Tooms. 

(Paper  read  before  the  Irish  Assoc,  of  Gas  Mgrs.)      (66)  Aug.  29. 
The  Manufacture  of  Sand-Lime  Brick.*      (13)  Aug.  31. 
Municipal  Control  of  Smoke.      (13)   Aug.  31. 
New  Forms  of  Charging   and   Discharging  Machines   for   Gas  Retorts.*      (13) 

Aug.  31. 
The  Keep  Sectional  Cupola.*     (20)  Aug.  31. 
The  Manufacture  and  Properties  of  Charcoal.     (20)  Aug.  81. 
High-Speed  Steel  in  the  Factory.     O.  M.  Becker  and  Walter  Brown.     (9)  Serial 

beginning  Sept. 
Test  of  a  Steam  Turbine  after  Having  Been  in  Service  for  Two  Years.      (64) 

Sept. 
Spur  Gearing.*     N.  A.  Carle.      (64)   Sept. 
Knabenshue's  Airship  and  Its  Exploits.*      (46)  Sept.  2. 
Casting  Pipe  in  a  RoUry  Mold.*     C.  B.  Stravs.     (20)   Sept.  7. 
Trial  Trip  of  the  Barton  Airship.*     (46)  Sept.  9. 
Aciers  a  Outlls  a  Coupe  Raplde.*     L.  Guillet.     (32)   June. 
Les  Machines  a  Vapeur  a  I'Expositlon  de  Saint-Louis  de  1904.*     K.  Sosnowskl. 

(32)  June. 
Note  sur  les  Scieries  AmSricaines  et  Leur  Outlllage.*     J.  Oudet.      (37)    Serial 

beginning  July. 
Calcul  Exact  d'un  Crochet.*    V.  Marmor.     (37)  July. 
Four  S6cheur,  Systdme  Delautre.*      (34)  Aug. 
Mesure  de  la  Quantlt6  d'Eau  Entrain6e  par  la  Vapeur  des  G6n6rateur8.*     M. 

Emanaud.      (33)  Aug.  12. 
Influence  des  Enveloppes  et  des  Fultes  sur  le  Fonctionnement  de  la  Machine  ft 

Vapeur.*     F.  Hofer.     (33)  Aug.  19. 
Kinetik    und    Kinetostatik    des    Schubkurbelgetrlebes.      Hermann    Meuth.      (82) 

Serial  beginning  July  29. 
Kohlenkipper  im  Hamburger  Hafen.*      (48)    July  29. 
Autogene  Schwelssung.*      (50)   Aug.  1. 
Nlederdruckschieber  mit  Dreifacher  Eroffnung  fflr  Einlass  und  Auslass  und  mlt 

Ueberstrdmung.*     M.  Hochwald.      (48)    Aug.   12. 
Elnhundert     Dampfverbrauchsversuche     AusgefUhrt     an     Dampfmaschinen.       J. 

Krumper.     (48)   Serial  beginning  Aug.  12. 
Elniges  fiber  Warmlager  und  Adjustagen  Schwerer  Profileisenstrassen.*     Bruno 

Quast.     (50)  Aug.  16. 
Die  W&rmebilanz  des  Zement-Drehofens.     Carl  Naske.     (48)  Aug.  19. 
Das  H&rten  der  Kalksandsteine.     R.  F.  Oswald.     (80)   Serial  beginning  Aug  24. 

MetaUnrclcal. 

Sulphide- Smelting  at  the  National  Smelter  of  the  Horseshoe  Mining  Co.,  Rapid 

City,  S.  D.     Charles  H.  Fulton  and  Theodor  Knutzen.      (56)   Vol.  35. 
Notes  on  the  Physics  of  Cast- Iron.     Richard  Moldenke.      (56)   Vol.  35. 
The  Commercial  Wet  Lead- Assay.     H.  A.  Guess.      (56)  Vol.  35. 
Testing  Gold-Ores  by  Amalgamation.*     Ernest  A.  Hersam.     (56)  Vol.  35. 
The  Effect  of  Silver  on  the  Chlorinatlon  and  Brominatlon  of  Gold.*     H.  O.  Hof- 

man  and  M.  G.  Magnuson.     (56)  Vol.  35. 
The  Application  of  Dry-Air  Blast  to  the  Manufacture  of  Iron.*     James  Gayley. 

(56)  Vol.  85. 
Wet  Methods  of  Extracting  Copper  at  Rio  Tinto,    Spain.*      Charles  H.   Jones. 

(56)   Vol.  35. 
Notes  Upon  Preliminary  Tests  and  Cyanide-Treatment  of  Silver-Ores  in  Mexico 

by  the  MacArthur-Forrest  Process.     John  F.  Allan.     (56)   Vol.  35. 
Improvements  in  the  Mechanical  Charging  of  the  Modern  Blast  Furnace.*     David 

Baker.      (56)   Vol.  35. 
Special  Forms  of  Blast-Furnace  Charging- Apparatus.*     T.  F.  Witherbee.      (56) 

Vol.  35. 
Crushing  in  Cyanide  Solution,  as  Practiced  in  the  Black  Hills,  South  Dakota.* 

Charles  H.  Fulton.     (56)  Vol.  35. 
Cyanide    Practice    at    the    Maitland    Properties,    South    Dakota.*      John    Gross. 

(56)  Vol.  35. 
Notes  and  Observations  on  Cast-Iron.     J.  E.  Johnson.  Jr.     (56)  Vol.  35. 
The  Mobility  of  Molecules  of  Cast-Iron.*     A.  B.  Outerbridge,  Jr.      (56)  Vol.  35. 
Stock-Distribution   and    Its   Relation   to   the   Life  of   a   Blast-Furnace   Lining.* 

David  Baker.     (56)  Vol.  35. 
The  Plotting  of  Sl«ing-Tests.*     W.  Spencer  Hutchinson.      (56)   Vol.  35. 
Chemical  Specifications  for  Pig-iron.     Edgar  S.  Cook.     (56)   Vol.  35. 
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Metallnrglail— (Continued). 

The   Concentration   of  Gold   and    Silver    in    Iron- Bottoms.*      Myrick   N.    Bollea. 

(56)   Vol.  35. 
Roasting  and  Maarnetic  Separation  of  a  Blende-Marcasite  Concentrate.*     H.  O. 

Hofman  and  H.  L.  Norton.     (56)  Vol.  35. 
A    Decade    in    American    Blast-Furnace    Practice.      F.    Louis    Orammer.      (56) 

Vol.  36. 
Concrete  in  Mining  and  Metallurgical  Engineering.*     Henry  W.  Edwards.     (56) 

Vol.  35. 
The  Need  of  Standard  Specifications  for  Qray-Iron  Castings.     Henry  Souther. 

(56)   Vol.  36. 
Magnetic   and   Electric   Properties  of  Various   Kinds   of   Sheet   Steel   and    Steel 

Castings.    Qunnar  Dillner  and  A.  F.  Bnstrdm.     (71)  Vol.  67. 
The    Application    of    Dry- Air    Blast    (Supplementary    Paper).      James    Gayley. 

(71)  Vol.  67. 
The  (Continuous  Steel  Process  in  Fixed  Furnaces.     S.  Sursycki.     (71)  Vol.  67. 
Recent    Developments    of    the    Bertrand-Thiel    Process    in    the    Manufacture    of 

Steel.*     John  H.  Darby,  and  George  Hatton.      (71)   Vol.  67. 
Experiments  Relating  to  the  EfCect  on  Mechanical  and  Other  Properties  of  Iron 

and  Its  Alloys  Produced  by  Liquid  Air  Temperatures.*     R.  A.  Hadfleld.     (71) 

Vol.  67. 
The  Cleaning  of  Blast  Furnace  Gas.*     Axel  Sahlin.     (71)  Vol.  67. 
Experiments  on  the  Fusibility  of  Blast-Furnace  Slags.     O.    Boudouard.      (71) 

Vol.  67. 
Sulphur  in  Coke,   and  Its  Behavior   in  the  Blast  Furnace.     F.   Wuest   and   P. 

Wolff.      (71)  Vol.  67. 
Troostite;  and  Heat  Treatment  and  Fatigue  of  Steel.     F.  Rogers.     (71)  Vol.  67. 
A  System  of  Handling  Sand  Mechanically,  for  Cyanide  Vats.*     Charles  Butters 

and  Albert  F.  Crank.     (74)  Vol.  13. 
Treatment  of  Tellurlde  Ores  by  Dry-Crushing  and  Roasting  at  Kalgoorlie,  West- 
em  Australia.*     W.  Evan  Simpson.      (74)  Vol.  13. 
Determination  of  Tin   in  Tailings  and   Slimes.*      George  L.   Mackenzie.      (74) 

Vol.  13. 
Amalgamation  and  Other  Wet  Processes  for  Silver  Ores  in  Mexico.*     Henry  F. 

Collins.     (74)  Vol.  13. 
The   Equipment  of  Laboratories   for  Advanced  Teaching  and  Research   in  the 

Mineral  Industries.     Henry  C.  Jenkins.     (74)  Vol.  13. 
Heat  Treatment  Experiments  with  Chrome-Vanadium  Steel.     H.  Riall  Sanker, 

and  J.  Kent  Smith.     (75)  Pt.  4.  1904. 
The  Treatment  of  Copper  Rock  at  the  Quincy  Mills,  Hubbell,  Mich.     C.  K.  Hltch- 

cock»  Jr.      (6)   July. 
Recent  Advances  In  the  Electro-Metallurgy  of  Iron  and  Steel.     R.   S.  Hutton. 

(Paper  read  before  the  Soc.  of  Chemical  Industry.)      (73)  July  28. 
New  Open-Hearth  Steel  Processes.     P.  Ackers.      (Paper  read  before  the  Cong. 

of  Mln.  and  Metal.  Bngrs.)      (47)  July  29. 
New   Methods   in  the  Metallurgical  Treatment  of  Copper  Ores.     N.    S.   Keith. 

(3)  Aug. 
The  Chemistry  of  Electroplating.     Wilder  D.  Bancroft.      (3)  Aug. 
The  Rapid  Electro- Deposition  of  Copper.*     Sherard  Cowper-Coles.     (Paper  read 

before  the  Faraday  Society.)      (68)   Serial  beginning  Aug.  5. 
The  Bertrand-Thiel  Process.     E.  von  Maltltz.      (20)   Aug.  10. 
Cupellatlon  and  Parting.*     Herbert  R.  Edmands.     (16)  Aug.  12. 
Hot  Cracks  in  Steel  Castings.     A.  Simonson.     (From  the  (Heveland  Iron  TreUle 

Review.)      (47)  Aug.  12. 
Air  in  Roasting.     William  E.  Greenawalt.     (16)   Aug.  19. 
The   Cyanidlng  of  the  Tailings.     A.   Prlster.      (Paper   read  before  the   Chem., 

Metal.,  ft  Min.  Soc.  of  South  Africa.)      (68)   Aug.  19. 
Blast  Furnace  Calculations.*     J.  L.  Stevenson.      (12)   Aug.  25. 
Gold  Extraction  by  Cyanide.     John  S.  MacArthur.     (Abstract  of  Paper  read  be- 
fore the  Soc.  of  Chemical  Industry.)      (19)  Sept.  2. 
A  Process  for  Converting  Fine  Iron  Ores  Into  Nodules.*     (20)  Sept.  7. 
Verfahren    zur   Verhfltung   der    Lunkerblldung    in    Schweren    Rohstahlbl6cken.* 

F.  O.  Beikirch.     (50)  Aug.  1 ;   (48)  Aug.  19. 
Ober  die  Schwefelverteilung  in  Gussstiicken  und  deren  Einfluss  auf  den  Werk- 

zeugmaschlnanguss.*     A.  Messerschmitt.      (50)   Aug.  1. 
Ueber  Schmelzpunkte  von  Metallen.     (82)  Serial  beginning  Aug.  5. 
Die    Verfahren    zur    Verhfitung    der    Lunkerblldung    in    StahlbT&cken.*      R.'  M. 

Daelen.     (50)  Aug.  15:   (48)  Aug.  26. 

Mining. 

A  Bituminous  Coal  Breaker.*     Lewis  Stockett.      (56)  Vol.  35. 

Centrifugal  Ventilators.*     R.  V.  Norris.     (56)  Vol.  35. 

Estimated  Costs  of  Mining  and  Coking  and  Relative  Commercial  Returns  from 
Operating  in  the  Connellsville  and  Walston-ReynoldsvlUe  Districts,  Penn- 
sylvania.    Edward  V.  D'lnviUiers.      (56)   Vol.  35. 

•  lUustrated. 
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Mlnlnc -(Contiaued ) . 

Concrete  In  Mining  and  Metallurgical  Engineering.*     Henry  W.  Edwards.     (86) 

Vol.  35. 
On  the  Crib- Setting  of  a  Deep  Le^el  Shaft.*     Harry  D.  Qriffiths.     (74)  Vol.  18. 
The  Dust  in  the  Air  and  the  Gases  from  Bzplosiyes  in  a  Cornish  Mine   (Dol- 

coath),  and  the  Bfflcacy  of  Methods  of  Dealing  with  Them.    R.  Arthur  Thomas, 

and  W.  P.  O.  Macqueen.     (74)  Vol.  13. 
The   Equipment  of  LAboratorles  for  Advanced  Teaching  and  Research  in  the 

Mineral  Industries.     Henry  C.  Jenkins.     (74)   Vol.  13. 
Ocean  No.   7,  or  "Klondyke"  Mine  of  the  Consolidation   Coal  Company  in  the 

Qeorges  Creek  Region.  Maryland.*     J.  J.  Rutledge.     (48)  Aug. 
Metering  Compressed  Air  and  Amount  of  Air  Required  to  Run  Drills  at  Various 

Altitudes  and  Pumps  Working  at  Different  Heads.*     (48)  Aug. 
Respiratory  and  Life- Saving  Apparatus  for  Miners.     Dr.  Ouglielmiinette.     (Ab- 
stract of  Address  delivered  at  the  Lldge  Congress.)      (12)  Aug.  4. 
A  Successful  Fan  Test.*     J.  T.  Beard.     (16)  Aug.  6. 
Gold  Dredging  in  the  United  States.*     (12)  Aug.  11. 
Misplacement  of  Mining  Shafts  and  Adits.*     Stanley  Hunter.     (Abstract  of  Paper 

in  Trans.  Aust.  Inst.  Min.  Eng.)      (16)  Aug.  12. 
The  Testing  of  Explosives  for  Coal  Mines.*     (22)  Aug.  18. 
The  Cost  of  Mining.     W.  R.  Ingalls.     (16)  Aug.  19'. 
An  Underground  Magazine  and  an  Electric  Powder  Thawer.*     William  Kelly. 

(Abstract  of  Paper  in  Proceedings  of  the  Lake  Superior  Min.  Inst.)      (lo) 

Aug.  19. 
Apparatus  for  Laying  Dust  in  Coal  Mines.*     J.  Cresswell-Roscamp.     (Abstract 

of  Paper  in  Trans,  of  Inst,  of  Min.  Engrs.)      (16)  Aug.  26. 
The  Action.  Influence,  and  Control  of  the  Roof  in  Longwall  Workings.     H.  Q. 

Halbaum.     (Essay  read  before  the  N.  of  Eng.  Inst,  of  Min.  ft  Mech.  Bngrs.) 

(48)  Sept. 
The  Poteau  Coal  Mines.*     W.  R.  Crane.     (48)  Sept. 

Pumping  the  Comstock  Lode  Mines.*     Carl  George  P.  de  Laval.     (48)  Sept. 
Compressed  Air  and  Defective  Installation  of  Air  Plants.     Wm.  Wilhelm.     (48) 

Sept. 
An  Electrically  Operated  Flat  Rope  Hoist.*     Alfred  Gradenwitz.     (48)  Sept. 
The  Iselin  Plant.*     F.  L.  Dixon.     (48)  Sept. 
Hoisting  Practice  in  the  Pennsylvania  Anthracite  Region.*     R.  V.  Norris.     (9) 

Sept. 
The  Truesdale  Plant.*     (16)  Serial  beginning  Sept.  2. 
The  Bengal  Coal-Fields  of  India.*     George  A.  stonier.     (Abstract  of  Paper  in 

Trails,  of  the  Inst  of  Min.  Eng.)      (16)   Sept.  9. 

MiscellaiMOttS. 

The  Practical  Utility  of  Manual  and  Technical  Training.  Wm.  Barclay  Par- 
sons. (Address  before  the  Nat.  Educational  Assoc.)  (14)  Aug.  12;  (62) 
Serial  beginning  Aus.  31. 

The  Production  and  Utilization  of  Ozone.     Arthur  W.  Ewell.     (27)  Aug.  12. 

Municipal. 

Some  Unusual  Experience  with  Asphalt  Pavements.*      (14)   Aug.  5. 
Municipal  and  Company  Operation    (gas  works).      (83)    Aug.   15. 
Motor  (street)   Sprinkler  at  Cologne.*     (46)  Sept.  2. 
La  Corniche  de  rEst6rel.     M.  Therel.     (43)   2*  Trimestre,  1905. 
Cber  Olbesprengung  von  Strassen.     F.  Drobny.     (83)  Aug.  4. 
Krilmmungshalbmesser  und   Breite  der   Strassen wendeplatze.     F.   Loewe.      (83) 
Aug.  25. 

RnllrMd. 

Methods  of  Location  on  the  Choctaw.  Oklahoma  and  Gulf  Railroad.*     F.  Lavis, 

Assoc.  M.  Am.  Soc.  C.  E.     (84)   Vol.  54. 
Railway  Construction  in  North  China.*     Edward  Hulme  Rigby  and  William  Orr 

Leitch,  Jun.,  Assoc.  MM.  Inst.  C.  E.     (63)  Vol.  160. 
Standard   Specifications  for  Cast-Iron   Car-Wheels.     Charles   B.   Dudley.      (86) 

Vol.  35. 
Notes  on  Rail-Steel.     Robert  W.  Hunt.     (86)  Vol.  35. 
The  Development  of  the  Single-Phase  Railway  System.*      (11)   July  28. 
Traverser  for  the  Western  Railway  of  France.*      (11)   July  28. 
The  Nerves  of  a  Railway:   Block  Signalling  Systems  on  American  Railways.* 

Day  Allen  Willey.      (10)   Aug. 
2-6-2,  or  "Prairie"  Type  Express  Engine;  Lake  Shore  and  Michigan  Southern 

R.  R.*      (21)  Aug. 
Enlarging  and  Remodelling  at  Victoria   Station :   London,   Brighton   and  South 

Coast  Railway.*     Chas.  S.  Lake.     (21)  Aug. 
Ten  Wheel  Switcher  for  the  Lake  Shore.*     (39)  Aug. 
Central  Vermont  Two- Cylinder  Compound.*      (39)    Aug. 
Machine  for  Loading  Box  Cars  with  Coal.*      (13)   Aug.  3. 

•  Illustrated. 
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RallnMd-(Coatlnaed). 

Details  of  Argentine  Locomotives.*     (11)  Aug.  4. 

Schenectady  Balanced  Compound  Locomotive  for  the  Erie.*     (40)  Aug.  4. 

Delaware  A  Hudson  Composite  Coal  Car.*      (40)   Aug.  4. 

Tests  of  Superheater  Locomotives  by  the  Belgian  State  Railways.*     (40)  Aug.  4. 

Balanced  (Jompound  Locomotive  for  the  New  Zealand  State  Railways.*      (40) 

Aug.  4. 
The  Creeping  of  Rails  on  Railroads.     N.  Benjamin.     (40)  Aug.  4. 
Recent  Developments  in  Three-Phase  Traction  on  the  Valtellma  Road.*      (27) 

Aug.  5. 
The  Use  of  Superheated  Steam  on  Locomotives.*     H.  H.  Vaughan.      (Abstract 

of  Paper  read  before  the  Amer.  Ry.  Master  Mechanics*  Assoc.)      (47)  Serial 

beginning  Aug.  5. 
A  Large  Locomotive  Boiler.*      (From  Amer.  Bngr.  and  R.  R.  Jowmdl.)      (47) 

Aug.  5. 
New  Electric  Locomotives  for  the  Valtellina  Railway.*     Bela  Valatin.      (17) 

Aug.  6. 
Brake  Shoe  Tests.      (Report  of  Standing  Com.  to  the  M.  C.  B.  Assoc.)      (18) 

Aug.  5. 
Pacific  Type  Passenger  Iiocomotive  with  Superheater,  C,  R.  I.  A  P.  Ry.*     (18) 

Aug.  5. 
Signalling  on  the  Southern  Pacific  System.     E.  M.  Cutting.     (Abstract  of  Paper 

read  before  the  Pacific  Coast  Ry.  Club.)      (18)  Aug.  6. 
Freight  Yard  Air-Brake  Testing  Plant,  C.  B.  &  Q.  Ry.*     (18)  Aug.  6. 
The  Terminal  Railroad  Improvements  at  St.  Louis.*     (14)  Aug.  5. 
The  Barrientos  Tunnel,  Mexico.*     C.  Gordon  Paterson.     (13)   Aug.  10. 
Electric  Headlight  for  Locomotives.*      (13)  Aug.  10. 
Crossing  Frog  with  Continuous  Ralls.*      (13)   Aug.  10. 
Thomases  Central  Automatic  Buffer-Coupling.*      (ll)  Aug.  11. 
150  000-lb.  Flat  Cars  for  the  Pittsburg  &  Lake  Brie.*     (18)  Aug.  11;  (39)  Sept. 
English  Motor  Cars.*      (15)  Aug.  11. 

Reinforced  Concrete  Passenger  Tunnel:  C.  R.  R.  of  N.  J.*     (15)  Aug.  11. 
The  North- Western's  New  Line  to  Milwaukee.*     (15)  Aug.  11. 
Electric  Plant  for  Fixing  Rails  and  Packing  Permanent  Way.*      (11)  Aug.  11; 

(62)  Aug.  81. 
Pennsylvania  Terminal  Work  in  New  York.*      (40)  Aug.  11. 
Improvements  to  a  Toledo  Road.*     (17)  Aug.  12. 
High-Power  English  Gasoline  Motors  for  Driving  American  Locomotives.*     (19) 

Aug.  12. 
Balanced  Compound  Locomotive,  Erie  R.  R.*      (18)  Aug.  12. 
The    Combined   Automatic   and    Straight-Air   Brake.      R.   H.    Blackall.      (Paper 

read  before  the  New  England  R.  K.  Club.)      (18)  Aug.  12. 
Oil   Furnaces    and    Oil    Fuel    for    Locomotives.    Southern   Pacific    Co.      Stephen 

Uren.     (Paper  read  before  the  Pacific  Coast  Ry.  Club.)      (18)  Aug.  12. 
Electricity    as    Applied    to    Steam    Railroads.      A.    H.    Armstrong.       (From    an 

Address  before  the  Richmond  R.  R.  Club.)      (18)  Aug.  12. 
The  Tabor-Bechyne  (Austria)   Interurban  Line.*      (72)  Aug.  15. 
Concerning  Retaining  Walls   and   Earth   Pressures.*      H.    P.   Boardman.      (13) 

Aug.  17. 
Concrete  Ties  on  the  Lake  Shore  ft  Michigan  Southern  Ry.*     (13)  Aug.  17. 
Covered  Goods  Wagons  for  Japanese  Railways.*      (15)   Aug.  18. 
Henri  Four-Cylinder  Compound  Express  Locomotives :  Paris,  Lyons  ft  Mediter- 
ranean Railway.*     F.   C.   (Toleman.      (40)    Aug.  18. 
Heating  the  Rock  Island  Smithshop  at  Moline,  111.*      (40)   Aug.  18. 
North- fiastern   Locomotive  Works,   Darlington.*      (12)    Aug.   18. 
Locomotives  at  the  Li6ge  Exhibition.     H.  W.  Hanbury,  A.  M.  Inst.  C.  B.     (11) 

Serial  beginning  Aug.  18. 
Ten- Wheel  Locomotive  with  Superheater,  C,  St.  P.,  M.  ft  O.  Ry.*     (18)  Aug.  19. 
Hollow  Firebrick  Arch  for  Locomotives  on  Chicago  ft  Northwestern  Railway.* 

(13)  Aug.  24. 

The  Carnegie  Steel  Tie.*     (13)  Aug.  24. 

Standard  Designs  of  Locomotives  for  India.      (13)  Aug.  24. 

Lackawanna's  Eastern  Terminal  at  Hoboken.*     (40)  Aug.  25. 

Denver  ft  Rio  Grande  Station  at  Grand  Junction,  Colo.*      (40)  Aug.  25. 

D..  L.  ft  W.  Improvements  at  Newark,  N.  J.*     (15)  Aug.  26. 

Tank  Cars  for  the  Argentine  Government  Railways.*      (15)  Aug.  25. 

Steam  Coach:  Great  North  of  Scotland  Railway.*      (11)  Aug.  25. 

New  Bogie  Tank  Engines,  South-Eastern  and  Chatham  Railway.*     (12)  Aug.  25. 

New  Westinghouse  Electric  Locomotive.*      (27)   Aug.  26. 

Construction  of  the  Pocahontas  Tunnel,  New  York  Central  R.  R.*     (14)  Aug.  26. 

Some    Factors    in    British   Locomotive   Design.*      Chas.    S.    Lake.      (47)    Serial 

beginning  Aug.  26. 
Inspection  Locomotive,   New   York   Central  Lines.*      (18)    Aug.   26. 
Signals  In  Snow  Sheds,  Southern  Pacific  Co.*     (18)  Aug.  26. 
The  Rhodesia  Railways,  Limited.*      (14)   Serial  beginning  Aug.  26. 
Base   Line  Measurements   for   the  Pennsylvania   R.   R.   Tunnels   at  New  York. 

(14)  Aug.   26.  

*  Illustrated. 
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Railroad— (CoatlDued ) . 

The  St.  Gall-Speicher-Trogen  Electric  Railway.*  Henri  Somach.  (17)  Aug.  26. 
The  New  Hampshire  Traction  Company's  Portable  Sub- Station.*  (17)  Aug.  26. 
Operating  Results  of  the  Valtellina  Railway :  Peculiarities  of  the  Three-Phaae 

Traction.     Eugen  Cserhatl.      (17)   Aug.  26. 
The  Brake- Shoe  Problem.     (17)  Aug.  26. 
New  Metropolitan  Railway  Locomotives.*      (17)  Auk.  26. 
75-Ton  Steel  Flat  Car:  Pittsburgh  &  Lake  Erie  Railroad.*     (25)   Sept. 
Atlantic  Type  Passenger  Locomotive  with  Superheater:  Chicago,  Rock  Island  ft 

Pacific  Railway.*      (25)   Sept. 
Heavy  Switching  Locomotive :  New  York  Central  Lines.*     (25)  Sept. 
Superheating  Ten- Wheel  Engine :  C,  St.  P.,  M.  &  O.  Ry.*     (39)  Sept. 
Westinghouse  Single-Phase  Railway  System.*     Clarence  Renshaw.     (Abstract  of 

Article  in  Electric  Club  Journal.)      (39)   Sept. 
Under-Running  Third  Rail  for  the  New  York  Central.*     (15)  Sept.  1;  (40)  Sept. 

1;   (14)   Sept.  2;   (17)   Sept.  2. 
A  Novel  Train-Shed  for  the  New  Hoboken  Terminal  of  the  Lackawanna.*      (15) 

Sept.   1. 
A  Steel  Flat  Car  of  150  000  Pounds  Capacity.*     (40)   Sept.  1. 
The  New  Reinforced  Concrete  Shops  and  Car  Houses  of  the  Central  Pennsyl- 
vania Traction  Company  at  Harrisburg,  Pa.*      (17)   Sept.  2. 
Equipment  of  the  New  Plank  Road  Car  Shops  of  the  Public  Service  Corporation.* 

Martin  Schreiber.      (17)   Sept.  2. 
Track  Elevation  on  the  Chicago  ft  North- Western  Ry..  Chicago.*     (13)  Sept.  7. 
Car  Wheel  Forging.*     James  H.  Baker.     (20)   Sept.  7. 
New  Freight  Yard  of  the  Burlington  at  Galesburg.*     (15)  Sept.  8. 
The  Montreux-Oberland-Bernols  Railroad.*     Frank  C.  Perkins.     (15)   Sept.  8. 
£tude  sur  la  Stability  des  Trains  et  les  Chemins  de  Fer  ft  Vole  de  <)"  ,60.*     M. 

Pechot.       (Lecture    delivered    before    the    fildves-Ingtinleurs    des    Ponta    et 

Chauss^es  et  des  Mines.)      (43)   2«   Trimestre,  1905. 
Note  sur  Divers  Travaux  d'Infrastructure  de  la  Ligne  d'fitampes  &  Pithivlera.* 

M.  Lorieux.     (43)  2«  Trimestre,  1905. 
Les  Tunnels  Tubulaires  en  Terrains  Aquif^res :  La  Traversfie  sous  la  Seine  des 

Nouvelles  Lignes  du  Mdtropolitain.*     C.  Birault.      (32)   June. 
Traverses  de  Chemin  de  Fer  en  Acier  Mould.*     Ph.  Rousseau.     (36)  June  10. 
Wharf   pour  I'Embarquement   Raplde  des  Charbons  &   Baltimore    (Atats  Unis). 

(33}   July  22. 
Chaudiere  de  Locomotive  &  Tubes  d'Eau:  Systdme  Robert.*     F.  Barbier.     (33) 

July  29. 
Nouvelles  Locomotives  Compound  ft  Marchandlses,  h  4  Cylinders  et  ft  2  Bogles 

Moteurs  de  la   Compagnie  du   Chemin  de  Fer  du   Nord.*      M.   du   Bosquet. 

(38)  Aug. 
ChaufTage  des  Trains  par  la  Vapeur  sur  le  Roseau  dee  Chemins  de  Fer  de  Paris 

ft  Lyon  et  ft  la  Mediterran4e.     H.  Mottet.      (38)   Aug. 
Nouvelles  Distributions  pour  Locomotives.*     (33)  Aug.  26. 
Die  Eisenbahnanlagen  Bombays.*     Blum  and  E.  Olese.      (49)   Pt.  7-9,  1905. 
Die    Lfiftungsanlagen    helm    Baue   der   Grossen   Alpentunnels.*      Karl    Brabble. 

(53)  Serial  beginning  Aug.  11. 

Railroad,  Street. 

The  Development  of  Special  Track  Work  on  Street  Railways.     Victor  Angerer. 

(From  Paper  read  before  the  Connecticut  Soc.  of  Civ.  Engrs.  and  Surveyors.) 

(13)   Aug.  8. 
Leicester  Tramways:  Cost  of  Construction.     (26)  Aug.  4. 
The  Installation  of  Electric  Tramways  in  Chrlstchurch,  New  Zealand.     James 

Drummond.     (17)  Aug.  5. 
Electrolysis  Investigations  in  Germany.      (14)   Aug.  5. 
Some  Methods  Used  in  Car  Barn  Construction  with  a  View  to  Fire  Protection. 

(72)  Aug.  15. 
Exeter  Corporation  Tramways.*      (72)  Aug.  15. 

Philadelphia's  Rapid  Transit  Railroad.*     (15)  Serial  beginning  Aug.  18. 
Convertible  Electric  Motor  Cars :  Brooklyn  Heights  Railroad.*     (15)  Aug.  25. 
Power  Plant  of  the  Boston  and  Worcester  Street  Railway.*      (ZO)   Aug.  81. 
The  Engines  of  the  Interborough  Station.*      (64)    Sept. 
English  Street  Railway  Construction.     Joseph  Owen.     (Abstract  of  a  Paper  read 

oefore  the  Incorporated  Assoc,  of  Mun.  and  County  Engrs.)      (13)  Sept.  7. 
Chemin  de  Fer  ftlectrique  de  Saint-Gall  ft  Speicher  et  ft  Trogen    (Suisse).*     H. 

Somach.      (33)   Aug.  26. 

Sanitary. 

The  Reclamation  of  River  Deltas  and  Salt  Marshes.*     J.  Francis  Le  Baron,  M. 

Am.  Soc.  C.  B.     (54)  Vol.  54. 
The  Sewerage  of  Douglas,  Isle  of  Man.     Edmund  Herbert  Stevenson  and  Edward 

Kynaston  Burstal.  MM.  Inst.  C.  E.     (63)   Vol.  160. 

•Illustrated. 
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S«iil  tary — ( Contin  ued ) . 

Notes  .on  the  Working  of  the  Shone  System  of  Sewerage  at  Karachi.*     James 

Forrest  Brunton.  M.  Inst.  C.  E.     (63)  Vol.  160. 
The  Use  of  Concrete  In  Sewer  Construction.*     W.  C.  Parmley,  M.  Am.  Soc.  C.  B. 

(1)   June. 
Sewage  Purification  with  Special  Reference  to  the  Problem  in  Ohio.    R.  Winthrop 

Pratt.     (1)  June. 
A  Winter  Visit  to  Some  Sewage  Disposal  Plants  in  Ohio,  Wisconsin  and  Illinois.* 

C.  E.  A.  Wlnslow.     (1)  June. 
The  Heating  and  Ventilation  of  Schools.*      (70)  Serial  beginning  Aug. 
Hot  Blast  Heating  and  Ventilation.*     W.  G.  Blssell.      (Paper  read  oefore  the 

Amer.  Soc.  for  the  Advancement  of  Science.)      (70)  Aug. 
Concerning  Sewage  Disposal   from  the  Standpoint  of  Pollution  of  Oysters  and 

Other    Shellfish,    and   Especially   with   Reference  to   Their   Transmission    of 

Typhoid  Fever.     George  W.  Fuller.     (3)  Aug.;  Abstract  (14)  Aug.  12. 
Revised  Plumbing  Regulations  for  Massachusetts.     (70)   Aug. 
Land  Reclamation  Along  the  Illinois  River.*     (14)  Aug.  5. 
The  Significance  of  Analyses  of  Bflluents  from  Sewage  Works.     (14)  Aug.  5. 
Rainfall   and  Runoff   in    Sewer   Design.     Charles   Emerson   Gregory,   Assoc.   M. 

Am.  Soc.  C.  E.     (60)   Sept. 
Sewage  Disposal  in  Ohio,  Wisconsin  and  Illinois.     (14)  Sept.  2. 
L'Installatlon  des  Apparells  de  Chauffage  et  de  Ventilation   dans   le  Batiment 

Situe  Rue  Ducale  &  Bruxelles  et  Destine  aux  Administrations  Centrales  des 

Postes  et  de  la  Marine.*     M.  Heynluz.     (30)  Aug. 

Stmctnral. 

The  Structural  Design  of  Buildings.*     C.  C.  Schneider,  M.  Am.  Soc.  C.  E.     (54) 

Vol.  54. 
Revised  General  Specifications  for  Structural  Work  of  Buildings.     (54)  Vol.  54. 
The  Influence  of  Carbon,   Phosphorus,   Manganese  and  Sulphur  on  the  Tensile 

Strength  of  Open-Hearth  Steel.*     H.  H.  Campbell.     (56)  Vol.  35. 
Factory  Fire  Protection  and  Water  Supply.*      (70)  Aug. 
Hollow   Concrete  Block   Building  Construction.*      Spencer  B.   Newberry.      (67) 

Aug. 
A  300-ft.  Chimney  of  Reinforced  Concrete.*     (13)  Aiig.  8. 
Tests  to   Determine  the  Fire   Resistance   and   Heat  (Conductivity   of   Concrete.* 

(Abstract  of  Special  Com.  Rept.  presented  before  the  Nat.   Fire  Protection 

Assoc.)      (13)  Aug.  8. 
The  Erection  of  the  Wanamaker  Store  Building.  Philadelphia.*     (14)  Aug.  5. 
Reinforced    Concrete   Works   In   Belgium    (dome   of   Antwerp    Station).*      (14) 

Aug.     5. 
The  Effect  of  Clay  and  Loam  on  the  Strength  of  Portland  Cement  Mortars.     W. 

C.  Hoad.     (Paper  read  before  the  Academy,  at  Topeka.)      (13)   Aug.  10. 
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Frameworks  with  rectangular  panels  and  stiff  joints,  such  as  are 
generally  used  in  modem  high  buildings,  are,  of  course,  statically 
undetermined  structures.  The  stresses  in  each  member,  therefore, 
are  functions  of  those  in  all  the  other  members,  so  that  no  member 
can  be  figured  except  in  relation  to  all  the  others,  and  only 
on  the  basis  of  a  preliminary  and  more  or  less  incorrect  design, 
from  which,  by  successive  modifications,  a  practically  correct  one 
may  be  evolved. 

It  is  the  writer's  purpose,  first,  to  develop  the  exact  theory  of 
frameworks  with  rectangular  panels,  and  then  to  suggest  such 
short-cuts  as  may  be  of  use  in  actual  designing. 

In  the  following  discussion  all  distortions  due  to  direct  stresses 
will  be  neglected,  as  they  are  insignificant  when  compared  with 
those  due  to  bending. 


Note. — ^These  papers  are  Issued  before  the  date  set  for  presentation  and  dis- 
cussion. Ckirrespondence  Is  invited  from  those  who  cannot  be  present  at  the 
meeting,  and  may  be  sent  by  mall  to  the  Secretary.  Discussion,  either  oral  or 
written,  will  be  published  in  a  subsequent  number  of  Proceedings,  and,  when 
finally  closed,  the  papers,  with  discussion  in  full,  will  be  published  in  Transactions. 
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Jjet  Fig.  1  represent  a  straight  beam  supported  at  three  or  more 
points^  and  acted  upon  by  the  two  concentrated  loads,  W^  and  W^, 
the  two  uniformly  distributed  loads,  aw^  and  hw^y  and  three  ex- 
ternal moments  at  A,  B,  and  C.  Let  M^,  M^  M^,  and  M^  be  the 
bending  moments  produced  in  the  beam  at  the  points  of  support. 
These  latter  moments  will  be  considered  positive  when  producing 
compression  in  the  top  of  the  beam.  Let  S^  and  dj  be  the  eleva- 
tion of  the  supports,  D  and  E,  above  the  base  line,  ABO. 


-m 


Fio.  1. 

"No  matter  what  the  condition  of  bending  in  this  beam  may  be, 
the  deflections,  —  m  and  n,  at  D  and  E,  measured  from  the  tangent, 
F  O,  must  be  such  as  to  bring  the  beam  into  contact  with  the  sup- 
ports, D  and  E.    Hence  we  have 

—  m  +  ^,  __  n  —  ^2 
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*i 


_l_   o  2  ^  m  _^ 


m    .    n  J 

a         b  a         h 

In  a  beam  with  uniform  cross-section,  the  deflection  of  one 
point  measured  from  the  tangent  at  another  point  is  the  sum  of  the 
moments  of  the  bending  moment  on  each  unit  of  length  between 
the  two  points,  around  the  former  point,  divided  by  the  modulus  of 
-elasticity  and  the  moment  of  inertia. 
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Fia.  2. 


To  demonstrate:    Let  Fig.  2  represent  a  portion,  h,  of  a  beam 
of  the  depth,  2a,  subject  to  a  variable  bending  moment,  M,  which 
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produces  a  deflection,  n,  from  the  tangent  at  A.    Then  the  unit 
stress  at  the  extreme  fiber  is 

a       M  a 
^1  =  — j-» 

and  the  unit  stress  at  a  distance,  1,  from  the  neutral  axis  is 

The  corresponding  elongation  in  a  distance,  dx,  is 

d  e  =  — -  d  X. 
EI 

The  corresponding  deflection  at  B  is 

dn  =  ^^iStz:^dx. 
EI 

Hence  the  total  deflection  is 


n  =  ^jj^M  (b-x)d 


X 


II 


E  being  the  modulus  of  elasticity,  and  /  the  moment  of  inertia. 
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Fig.  8. 

Let  Fig.  3  be  a  moment  diagram  of  the  beam  in  Fig.  1.    Then 
we  have 

^  a  h 
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The  moment  of  the  area,  A  D  E  0  0  B,  around  A  will  then  be 

3f I  a»    ,    2M^  g'    ,    Wj^    ,    TT,  c  (a»  —  <?) 
6  6  24  6 

And  the  moment  of  the  area,  B  H  I  Q  L  0,  around  C  will  be 

2M^lf    ,    M^  }f    ,    W2^    .    TTg  6  (6^  —  d') 

6  6  24  6 

Let  l^  and  Z,  ^  ^®  moments  of  inertia  of  the  beam  from  A  to 
B  and  B  to  (7^  respectively,  and  let  there  be  any  nimiber  of  loads, 
W^  and  TT,;  then  will  the  deflections  at  A  and  G  be 

Inserting  these  values  of  m  and  n  in  Equation  I,  we  have 

TT,  d  (&»  -  c?*)-! jjj 

This  equation  we  will  call  the  '^theorem  of  four  moment^/'  as 
it  is  nothing  else  than  a  more  general  form  of  the  theorem  of  three 
moments. 

By  making  M^  =  M^  and  I^  =  7o  we  get  the  ordinary  form  of 
that  theorem. 

From  the  conditions  upon  which  this  question  was  based,  it  is 
evident  that  it  is  true,  not  only  for  a  straight  beam,  but  also  for  a 
beam  forming  any  angle  at  B,  Fig.  1,  as  long  as  the  base  line, 
A  B  C,  \b  drawn  with  the  same  angle  at  B  and  the  moments  and 
distances,  d ,  are  taken  positive  on  the  same  side  of  the  two  parts 
of  the  beam. 

In  order  to  make  the  theorem  of  four  moments  easily  applicable 
to  frameworks  we  will  write  it  in  two  more  forms,  one  for  each  of 
the  two  pairs  of  opposite  corners  of  a  rectangular  panel.  This  will 
enable  us  always  to  keep  the  left-hand  side  of  the  vertical  members 
the  positive  side,  just  as  the  top  is  in  the  case  of  horizontal  mem- 
bers. The  distance,  S,  at  the  horizontal  end,  not  being  needed, 
will  be  equal  to  zero. 
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Form  2,  for  the  upper  left-hand  and  the  lower  right-hand  comeis, 
iff  4* 
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Fig.  4. 


Form  3,  for  the  upper  right-hand  and  the  lower  left-hand  cor- 
ners^ Fig.  5: 
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Fio.  6. 

By  means  of  Equations  m,  lY,  and  V,  the  moments  may  be 
found  in  any  framework  composed  of  quadrangular  panels. 

Let  Fig.  6  represent  a  framework  acted  upon  by  three  horizontal 
wind  forces,  W^,  W^  and  Wj. 
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Let  M^^  =  X,       Jf  28  =  y,        and  M^^  =  z. 
Sinoe  the  sum  of  the  moments  around  each  intersection  point 
must  be  equal  to  sero,  we  have 

x  +  M,,  =  0 VI 

if^-y-jif^,  =  0 vn 

Jtfs4  — «  =  o vin 

According  to  the  first  form  of  the  theorem  of  four  moments, 
we  haye 

^(M,,  +  2  M,,)  +  ^i2M^  +  M^)  =  0 IX 

From  these  four  equations  we  find  the  values  of  M^^,  M^^, 
M^,  and  M^^  expressed  in  x,  y,  and  z. 

Since  the  lengths  of  the  girders  remain  constant,  the  deflection, 
^,  must  be  constant  for  all  the  columns.  Hence  we  have,  accord- 
ing to  the  second  and  third  forms  of  the  theorem  of  four  moments. 


"'is  -'le  •'m 

«    (2JI^  +  JI^,) X 

and  a  similar  equation  for  the  second  panel. 

We  also  know  that  the  wind-shear  moment  must  be  equal  to  the 
difEorence  between  the  sum  of  the  lower  and  that  of  the  upper 
oolumn  moments. 
^,(W,  +  W,  +  W3)=if,,  +  if,3  +  J»f3,-Jlf,,-Jf„  ~M,,..XI 

From  these  three  equations  we  find  the  values  of  M^^,  M^^,  and 
M^^,  expressed  in  x,  y,  and  z. 

By  means  of  the  following  four  applications  of  the  theorem  of 
four  moments  we  find  the  values  of  M^^,  M^^,  If j,,  and  M^^y  ex- 
pressed in  X,  y,  and  «. 

iL(Jf,j  +  2  M^)  +  ^{2M^  +  M^)^Q XII 

-*is  -*ii  -'ii 

-^(2iJf^+  M^) XIII 

-  4  (-«^  +  2  J^)  -  ^- (2  iQ,  +  ilf^)  ;=    *- (J<«  +  2  J^)  - 
■*u  -'u  ^u 

A    (2M^  +M^) XIV 

-^15 
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—  A  (i»^  +  2  J^i)  +  A  (2  J^  +  lf«)  =  -_^-(-«^  +  2  J^)  - 

-*I6  -*!»  •'w 

"(2Jf„   +if„) XV 

From  Ifjj,  and  JWgj,  we  find  iV^^. 
From  Jfj,,  If  23,  and  M^^,  we  find  ifj^. 
From  M^^  and  Jf^^,  we  find  M^^, 

By  repeating  the  foregoing  operation  for  each  tier  of  panels,  we 
get  the  values  of  all  the  moments,  expressed  in  x,  y,  and  z. 
Then  we  set 

ifj  —  ilfg  =  0 XVI 

M^^M^  +  Mj=.(i XVII 

M^  +  M^=  0 XVIII 

By  solving  these  three  equations  for  x,  y,  and  z,  and  introducing 
the  values  thus  found  into  the  expressions  for  the  various  moments, 
we  get  the  actual  values  of  these  moments. 

When  all  the  moments  are  known,  the  direct  stresses  and  re- 
actions may  be  calculated  directly  from  them. 

Let  Fig.  8  represent  the  moment  diagram  of  two  members,  A  B 
and  B  (7,  of  a  framework,  D  A  =  M^,  O  B  =  M^,  H  B  =  M^^, 
L  C  =  M^,    Then  we  have  (taking  tension  positive), 

8^  —  8,  =  x  +  y XIX 

where  8^  and  8^  are  the  direct  stresses  in  0  B  and  B  8j  respectively, 
and  X  and  y  the  shear  due  to  the  reactions  at  A  and  C,  respectively. 

a        ' 
Substituting  these  values  of  x  and  y  in  Equation  XIX,  we  get 

« --5_=^^^ZL^i+^sjr_^4 XX 

By  starting  from  the  top,  the  direct  stresses  in  all  the  yertical 
members,  as  well  as  the  vertical  reactions,  will  be  found  through 
Equation  XX;  likewise  the  horizontal  ones,  by  starting  from  either 
side. 

The  moments  due  to  the  vertical  loads  are  found  in  a  similar 
way,  but  with  the  difference  that  the  elements  due  to  the  loads  must 
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be  retained  in  the  expressions  for  the  elastic  condition  of  the  hori- 
zontal members  in  Equations  IX  to  XV,  inclusive. 

The  direct  stresses  due  to  the  vertical  loads  may  be  found  in  the 
same  way  as  those  due  to  wind,  with  the  exception  that  the  loa(k» 
Wj^,  W^,  Wj^  a,  and  tv^  h,  must  be  taken  into  account. 

So  that  we  have  (see  Fig.  3), 

8^  —  8^  =  X  +  y  -^  w^  a  —  to^b  =  2  Wi  —  2  W^ XXI 

where  8^  and  8^  are  the  direct  stresses  in  G  B  and  B  8,  respectively« 
and  X  and  y  the  shear  due  to  the  reactions  at  A  and  C,  respectively. 


Introducing  these  values  of  x  and  y  into  Equation  XXI,  we  get 
8  ^8  -  -^2  —  -^1  +  ^i  —  ^A  _«^i«_ 

6  5  •  "I  /^ 


a  0  '^ 

toj  b         "^  TTi  c         ^^  TT,  d 


-  ^2"^  -  ^ 


xxn 


2  .^^Jt     a  ^^^      b 

If  the  bottom  member  be  left  out  and  the  lower  end  of  the 
columns  fixed,  as  is  generally  the  case,  we  can  set  M^^,  M^^ 
ifgj,  and  M^^  equal  to  zero,  and  then  proceed  as  usual. 

The  foregoing  inethod  of  calculating  frameworks  with  rect- 
angular panels  may,  in  the  case  of  most  actual  problems,  be  greatly 
simplified  and  yet  retain  a  sufficient  degree  of  accuracy. 

In  most  buildings  the  moment  of  inertia  of  the  various  columns 
and  girders  may  be  assumed  to  bear  the  same  relation  to  each  other 
on  the  different  fioors.    For  instance  (see  Fig.  6), 

I        I     I        I 

8    =      8.        «    =    ^^  j^jj^j  gQ  Qjj 

If  this  is  the  case  it  is  evident  that  the  moments  due  to  wisd 
will  be  related  to  each  other  in  the  same  way. 

In  buildings  where  there  is  not  too  much  difference  in  story 
heights  and  floor  loads  we  may  also  assume  that  the  point  of  no 
bending  lies  at  the  middle  of  the  column. 

Benoe  we  have 

If     —  xf   (^1  +  ^2)  ^2  TXfTT 

^"»~^» W^h^ ^-^"^ 
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3fiy  =  M^  ^^^^  T'^  ^' XXIV 

3r,.  =  i^..  (Ei  +  SiJ^ XXV 

^1 1  =  -^1 5  —  ^« XXYI 

M,^=:M^  +  M^  —  M„ XXYII 

^14  =  ^10  —  ^19 • XXVIII 

According  to  the  theorem  of  four  moments, 

j(jtf,,  +  2  3f„)  +  ^(23f,,H.  Jf,,)  =  0 XXIX 

6  7 

Since  the  deflection  of  all  columns  must  be  the  same,  we  have, 
from  the  second  and  third  forms  of  the  theorem  of  four  moments, 

^  Jf^  -  I  (2  M,,  +  M,,)=^^M,  +  J^(2  M,,  +  3f„) XXX 

^  3fe  -  I  (2  M^  +  Jtfij)  =^  Jtf,o  +  ^  (2  M,,  +  M^)  .  ...XXXI 

From  these  nine  equations  the  values  of  all  the  moments  are 
found  in  terms  of  M^,  and  this  relation  may  be  used  on  each  floor. 
Finally,  we  have, 

M,  +  M,^M,o  =  ^^^ XXXII 

and  80  on,  for  each  story. 

To  And  the  direct  stresses  in  the  vertical  members,  it  is  necessary 
only  to  flgure  the  differences  between  the  lower  and  upper  column 
■trosoco  at  one  floor,  whence  those  for  the  other  floors  may  be  found 
by  proportion,  as  they  are  proportional  to  the  wind  moment  at  the 
middle  of  the  story. 

The  direct  stresses  in  the  horizontal  members  will  be 

3,=-^:^;^V.X^'-^^0 ^^^^^ 

and  so  on,  for  each  floor. 

When  the  vertical  load  on  the  girders  is  such  that  it  may  be 
considered  uniformly  distributed,  the  moments  in  the  girders  and 
columns  due  to  this  load  may  be  found  in  the  following  way : 


608  THEOHT  OF  BECTANGULAE  FEAMEWORK&  [Papers. 

Taking  a  Igrpical  floor  (third  floor,  Fig.  6),  we  may  assume 

If,  =  —  M„, 

M,,  =  -  M,„ 
and  that  the  point  of  no  bending  in  the  columns,  above  and  below, 
lies  at  a  distance,  n=  i(h^  +  h^),  from  the  girder. 
Then  we  have 

JMi  =  _^-if„ XXXV 

^,  =  1  (Mi2- ^:»)  ^X^l 

M^„=Im,, XXX\TI 

According  to  the  theorem  of  four  moments,  we  have 

«  (Mn  +  2  Jf,,  +  !^*)  +  \^  (2  Af«  +  Jf„  +  'i^)  =  0.  .XXX^^II 

And,  since  the  deflection  at  the  point  of  no  bending  in  the 
columns  may  be  assumed  to  be  zero,  we  have 

j2Jf,-|/2J£„  +  Jlf;,+  :f^)=0 XXXIX 

^-2J(,  +  «(2Jf„+ilf.,  +  'l|l\=0 XL 

^^2if^  +  |^(2ilf.,  +  JMi3+!f^)  =0 .....XLI 

From  these  seven  equations  the  values  of  all  the  moments  may 
be  found  for  the  floor  in  question.  Those  for  the  other  floors  may 
be  taken  as  proportional  to  w. 

The  differences  in  the  direct  stresses  in  the  vertical  members 
must  be  calculated  for  one  floor,  and  may  then  be  taken  by  propor- 
tion for  the  other  ones.  The  direct  stresses  in  the  horizontal  mem- 
bers may  be  neglected. 

If  the  building  happens  to  be  symmetrical  about  its  center  line, 
the  foregoing  method  will,  of  course,  be  further  simplified. 

In  making  the  preliminary  design;  the  wind  moment  on  the 
outside  columns  may  be  taken  as  75%  of  that  on  the  inside  ones. 
This  is,  of  course,  only  a  very  rough  approximation,  and  must  not 
be  used  as  a  final  fig^ure. 
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THE  HYDRAULIC  PLANT  OF  THE  PUGET  SOUND 

POWER  COMPANY. 

Discussion.* 


By  Messrs.  Willum  S.  Fost^  Joseph  H.  Cunninoham  and 

Arthur  L.  Adams. 


Wn.LiAM  S.  Post,  Assoc.  M.  Am.  Soo.  C.  E.  (by  letter). — This  Mr.  Poet 
paper  is  of  particular  interest  to  engineers  of  the  Pacific  Coast. 
At  a  recent  meeting  of  engineers  in  Los  Angeles,  the  point  was 
brought  out  that,  in  flumes  and  conduits,  considerable  variation  is 
found  between  the  calculated  and  the  actual  velocities  and  cross- 
sections,  if  not  at  first,  certainly  after  a  year  or  more  of  service. 
It  would  be  of  interest  if  Mr.  Warner  would  state  how  the  cal- 
culated velocity  is  borne  out  in  the  finished  work,  at  the  beginning 
as  well  as  after  some  months  of  service,  with  the  resulting  deter- 
mination of  n  in  Kutter's  formula,  in  these  cases.  Also  whether 
his  experience  in  this  work  leads  to  the  conclusion  that  work  by 
the  company's  force  is  cheaper  than  by  contract? 

Joseph  H.  Cunningham,  M.  Am.  Soc.  C.  E.t  (by  letter). — Mr.  Mr.  Cunning- 
Warner's  description  of  this  plant  is  most  interesting,  and,  as  a 
whole,  quite  accurate.  There  are  some  points  of  minor  importance, 
however,  which  are  not  correctly  stated — the  final  dimensions  of  the 
flume,  for  instance.  It  was  the  original  intention  to  finish  all  mem- 
bers to  the  sizes  shown  on  the  plans,  but,  owing  to  the  fact  that  this 

*  This  discussion  (of  the  paper  by  Edwin  H.  Warner,  M.  Am.  Soc.  C.  E.,  printed  in 
Proceeding*  for  May,  1905),  is  printed  in  Prooeedinga  in  order  that  the  views  expressed 
may  be  brouflrht  before  all  members  for  further  discussion. 

Communications  on  this  subject  received  prior  to  October  87th,  1906,  wiU  be  pub- 
lished subsequently. 

t  This  discussion  was  presented  before  the  San  Francisco  Association  of  Members, 
Am.  Soc.  C.  E.,  at  its  meeting  on  August  19th,  1906. 
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Mr.  Cuniiiiig-  was  not  stated  in  the  Chief  Engnneer's  specifications,  the  finished 

bam.  .  r  1  •       4.     -I    •       1 

pieces  were  from  t  m.  to  1  m.  less. 

The  flume  sills  were  double  members,  dressed  on  two  sides,  3}  by 
7}  in.  by  16  ft.  long,  bolted  to  posts  with  f  by  15i-in.  wrought-iron 
bolts,  with  cast-iron  washers.  The  posts,  dressed  on  two  sides,  were 
r^l  in.  square  by  9  ft.  long,  and  spaced  at  4-ft.  centers.  The  beams 
were  5}  in.  square  and  10  ft.  6  in.  long,  and  were  gained  i  in.  and 
spiked  to  the  posts  with  one  lO-in.  wire  spike.  The  sides  of  the 
flume  were  2J  by  11-in.  tongued  and  grooved  stuff,  dressed  on  the 
inner  surface.  The  bottom  was  double,  the  outer  plank  being  1}  iiu 
thick,  and  dressed  on  the  outer  side,  and  the  inner  plank  being  i  in. 
thick,  and  dressed  on  the  inner  side.  At  the  junction  of  the  sides 
and  bottom  a  chock,  ^i  in.  square,  was  used  to  confine  a  7-in.  strip 
of  three-ply  tar-paper  which  extended  between  the  bottom  outer  and 
inner  floors.  This  arrangement  was  quite  effective  in  stopping 
leaks.  Within  five  days  after  the  water  had  been  turned  into  the 
flume,  the  leakage  amounted  to  a  trifle  less  than  1%  of  the  total 
discharge. 

The  bottom  was  sawed  to  a  true  curve,  the  transverse  joints  of 
the  upper  and  lower  floors  being  18  in.  apart,  and  considerable  care 
was  used  to  break  joints  longitudinally.  No  difiiculty  was  experi- 
enced in  bending  the  side  planks  to  the  sharpest  curve,  and,  consider- 
ing the  fact  that  lumber  was  purchased  from  a  dozen  different  mills, 
and  that  much  of  it  was  imperfectly  sized,  and,  also,  that  all  work 
above  the  stringers  was  done  by  contract,  the  flume  is  remarkably 
tight  and  well  built. 

As  the  country  was  too  rough  to  admit  of  building  a  wagon  road 
within  less  than  i  to  J  mile  of  the  flume  line,  a  standard-gauge  rail- 
way was  laid  over  the  lower  8  miles,  and  all  lumber  above  the  caps 
was  delivered  by  rail. 

On  about  half  of  the  line  the  flume  posts  were  used  for  cross- 
ties,  but,  as  the  spike  holes  left  after  the  rails  were  taken  up  would 
weaken  the  post  somewhat  and  tend  to  produce  rot,  it  is  probable 
that  sawed  cross-ties  for  the  entire  line  would  have  been  preferable, 
since  salvage  on  the  ties  could  have  been  realized  in  most  cases. 
After  the  flume  was  completed  the  rails  were  replaced  on  top  of  the 
tie-beam,  the  intention  being  to  use  light  cars  for  patroling  the  line 

and  delivering  lumber  for  repairs,  etc.  This  is  certainly  a  novel 
feature,  and,  in  most  cases,  could  be  used  to  advantage,  although  in 
this  case  the  tie-beams  are  rather  light  for  this  work. 

Eventually,  the  flume  will  be  8  ft.  wide  and  8  ft.  deep.  At 
present  the  depth  is  only  4  ft.  4^  in.,  and  is  intended  to  carry  water 
to  a  maximum  depth  of  4  ft.  The  upper  548  ft.  is  built  on  a  grade 
oi8  =  0.00393,  or  1 :  254 ;  on  the  following  1 051  ft.,  8  =  0.00294,  or 
1 :  340.     On  the  remainder  of  the  line,  51 940  ft.  in  length,  S  ~ 


Papers.]  DISCUSSION  ON  HYDRAL'LIO  POWER  PLANT.  611 

0LOO1366,  or  1 :  733.     The  latter  grade  was  intended  to  be  used  on  the  lir.  Ounning- 
entire  line,  but,  owing  to  a  change  in  the  location  of  the  intake 
after  work  had  been  started  on  the  flume,  a  broken  grade  had  to  be 
used.      The  greater  portion  of  the  flume  was  located  on  a  very  steep 
hillside,  the  average  slope  on  fully  half  the  line  being  greater  than 
50  de^ees.    The  soil  on  this  portion  is  from  1  to  2  ft.  deep,  beneath 
wMcli  lies  hardpan  and  basalt  rock.    On  the  lower  portion,  the  clifb 
rise  to  a  height  of  500  ft.  above  the  flume  line,  and  in  many  places 
are    almost  verticcd,  while  below  there  may  be  an  almost  vertical 
drop   of  nearly  600  ft.  to  the  river.     On  this  portion  the  flume  is 
located  from  100  to  300  ft.  above  the  brink  of  a  canon,  the  walls  of 
which  rise  vertically  from  the  river  from  200  to  400  ft.     Through 
this  canon  the  river  tumbles  in  a  wild  succession  of  cataracts,  plenti- 
fully  interspersed  with  large  boulders,  making  navigation  impos- 
sible;   and,  as  the  vertical  cliifs  make  it  practically  impossible  to 
descend  to  the  river,  it  is  probable  that  this  portion,  which  is  about 
4  miles  in  length,  has  never  been  explored. 

The  entire  line  being  covered  with  heavy  fir,  hemlock  and  cedar, 

dense  underbrush  and  logs,  with  many  clifls,  made  it  a  tedious  and 

hazardous  undertaking  to  locate  the  line  and  clear  the  right  of  way. 

Owing  to  the  diflBiculty  and  expense  of  building  a  wagon  road 

near  the  flume  line,  it  was  decided  to  use  the  timber  on  the  ground 

for  trestle  caps,  posts,  sills  and  mud-sills.     All  the  mud-sills  were 

of  cedar ;  other  members  were  of  fir,  hemlock  and  cedar.    Drift-bolts 

and  nails  were  delivered  by  wagon  as  near  as  possible  to  the  flume, 

and  then  carried  by  pack-horses  and  men.     Trestle  bents  were  held 

upright  by  braces  of  light  poles.   Crabs  were  used  for  erecting  bents 

on  portions  of  the  line,  these  sliding  over  bents  previously  erected. 

These,  however,  did  not  prove  successful  on  all  parts  of  the  line,  and, 

where  the  trestles  were  low,  better  progress  was  made  with  gin-poles. 

As  the  ground  throughout  this  region  has  a  strong  tendency  to 

slide  when  disturbed,  it  was  sought  to  avoid  all  side-hill  cuts  as 

much  as  possible,  and  place  the  flume  on  a  cripple-bent  trestle  for 

practically  the  entire  length. 

In  establishing  the  gradient  of  the  flume,  the  friction  factor,  n, 
in  Kutter's  formula,  was  assumed  at  0.0106,  in  order  to  cover  defec- 
tive liunber  and  workmanship.  After  the  flume  was  completed  and 
water  was  turned  in,  the  writer  made  a  series  of  experiments,  the 
results  of  which  are  shown  in  Table  3. 

The  mean  friction  coefficient,  n,  for  dressed  lumber,  from  Table  3, 
is  0.00962,  and  it  will  be  noticed  that  in  nearly  every  case  n  in- 
creases slightly  with  the  sine  of  the  slope,  Sy  also  with  the  hydraulic 
radius,  where  8  is  constant.  The  velocities  were  measured  with  a 
Price  current  meter.  No.  131,  at  two  stations  1 000  ft.  apart.  The 
observations  taken  on  the  same  date  were  made  when  the  depth  was 
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Mr.  Cunning-  constant.  The  values  of  the  coefficient,  C,  in  Kutter's  formula, 
F  =:  C  v^  JB  iS,  were  deduced  from  the  mean  velocities,  and  the 
values  of  the  friction  factor,  n,  were  taken  from  the  dia^am  pre- 
pared by  Messrs.  Hering  and  Trautwine.  No  measurements  were 
made  on  the  lower  grade  of  the  flume,  for  the  reason  that  at  this 
time  it  was  not  quite  finished  at  the  lower  end.  Assuming  a  fric- 
tion factor  of  0.010  for  the  lower  grade  oi  8  =  0.001366,  the  carrying 
capacity  of  this  flume  when  running  7  ft.  deep  will  be  576  cu.  ft. 
per  sec,  and,  for  the  present  development,  4  ft.  deep,  284  cu.  ft 
per  sec. 

TABLE  3. — Experiments  on  the  Hydraulics  of  the  Timber 

Flume. 


Date, 
1908. 
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*j 
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1.60 

18.5 
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170.6 

1 

8.44 

0.00896 

1.61 

18.88 

0.0067 

171.9 

8 

8.60 

0.00894 

1.67 

18.06 

0.0096 

178.0 

1 

8.88 

0.00898 

1.79 

14.87 

0.0100 

170.0 

8 

8.45 

0.00894 

1.86 

18.88 

0.0096 

180.0 

1 

1.88 

0.00898 

1.00 

10.70 

0.0006 

171.0 

8 

1.48 

0.00894 

1.05 

9.78 

0.0090 

178.8 

1 

8.86 

0.00898 

1.79 

14.66 

0.0098 
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8 

8.66 

0.00894 

1.88 

18.45 

0.0096 
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1 
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1.66 
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0.0097 
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8 
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1,76 
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l£ 


o 


.8 

880.S 
8nQ.O 
866.6 
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888.8 

m.s 

888.9 


The  time  required  to  complete  the  flume,  including  the  trestle 
substructure,  was  7i  months.  The  trestling  and  grading  required 
about  4  months,  and  was  by  far  the  most  expensive,  not  for  the 
reason  that  it  was  done  by  day  labor  so  much  as  on  account  of 
difficulties  in  the  transportation  of  materials,  supplies,  etc. 

In  reference  to  the  dam,  it  is  quite  evident  that  the  line  of  sheet- 
piling  under  the  crest  is  of  no  benefit  whatever,  as  any  water  which 
finds  it8  way  past  the  upper  line  of  piling  is  free  to  flow  over  the 
top  of  the  second  line,  and,  while  this  dam  is  a  good,  safe  structure, 
it  is  the  writer's  opinion  that  an  equally  safe  and  much  cheaper  plan 
could  have  been  adopted;  but  in  this,  as  in  a  number  of  other  in- 
stances, money  seemed  to  be  of  no  object  to  the  company,  and  the 
mechanic  who  was  later  in  charge  of  the  work  had  no  difficulty  in 
introducing  a  number  of  freak  designs  in  gates,  sand-boxes,  rack- 
supports,  etc.,  etc.  In  fact,  the  policy  of  the  construction  manager 
of  this  work  was  to  '^strain  at  a  gnat  and  swallow  a  camel";  small 
details,  costing  little,  but  of  great  benefit,  were  cut  out,  while  ex- 
travagant plans  and  locations  were  adopted  without  question.    Dur- 
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ing  the  construction  of  this  work  the  writer  called  attention  to  the  Mr.  Cunnliig- 
f  act  that  owing  to  the  high  velocity  of  the  water  in  the  sand-boxes  ^"^ 
(ahout  5  ft.  per  sec.),  little  sand  would  be  deposited,  and  for  all 
practical  purposes  the  sand-boxes  might  have  been  omitted,  since, 
at  the  present  writing,  most  of  the  sand  entering  the  intake  at  times 
of  freshet  finds  it  way  to  the  reservoir,  and  it  is  necessary  to  dredge 
it  out  occasionally.  It  would  seem  to  the  writer  that  in  a  case  where 
the  velocity  in  a  fiume  is  high  it  would  be  better  to  provide  sluice- 
ways for  removing  the  sand  at  the  intake,  which  can  be  made  wide 
enouerh  to  give  a  low  velocity  and  permit  the  deposit  of  sand,  etc. 

The  grades  of  the  several  pipe  lines  from  the  reservoir  to  the 
power-house  were  fixed  by  the  chief  engineer,  and,  as  an  example 
of  ^^how  not  to  do  it,*'  are  conspicuous.  At  one  point  each  alternate 
pipe  is  elevated  about  6  ft.  above  the  others  on  a  narrow  ridge  not 
wide  enough  for  the  riveters  to  stand  upon. 

The  power-house  was  originally  located  some  60  ft.  farther  out 
from  the  hill,  but  as  bed-rock  was  not  found  for  a  considerable  depth 
at  certain  points  it  was  moved  back  against  the  hillside.  Later,  it 
was  conceded  that  this  was  a  mistake  involving  large  expense  in 
moving  rock  and  earth;  furthermore,  the  danger  of  land  slides  is 
largely  increased  by  cutting  off  the  toe.  of  the  slope.  In  the  writer's 
opinion,  the  original  location  of  the  power-house  was  the  better  in 
every  way,  and,  by  sinking  concrete  piers  to  bed-rock,  a  more  econom* 
ical  foundation  could  have  been  secured. 

On  the  cable  incline  a  minimum  grade  of  3%  was  adopted,  but, 
through  an  error  by  the  purchasing  department,  a  1-in.  plow-steel 
cable  of  six  strands,  with  seven  wires  to  the  strand,  was  purchased 
instead  of  the  more  flexible  nineteen- wire  strand.  The  hoisting 
engine,  which  was  purchased  by  the  company  under  a  guaranty  from 
the  makers,  was  geared  too  low,  and  would  not  handle  the  standard 
cars  on  the  65%  grade,  hence  the  necessity  of  using  small  flat  cars, 
made  by  the  company,  and  weighing  about  4  000  lb.  each.  The 
weight  of  these  cars  on  the  3%  grade  was  not  sufficient  to  overcome 
the  friction  of  the  2  300  ft.  of  cable  on  a  descending  car,  therefore 
it  was  necessary  to  divide  the  incline  into  two  sections,  using  a  large 
donkey  engine  at  the  upper  end  of  the  3%  grade  for  hauling  stand- 
ard flat  cars  up  to  that  point,  where  all  loads  had  to  be  transferred  to 
small  cars.  The  writer  was  in  favor  of  making  4%  the  minimum 
grade,  in  view  of  the  uncertainty  in  the  amount  of  friction  to  be 
overcome.  This  road  is  4  396.5  ft.  long,  and  cost  $40  000,  and  at 
least  $30  000  could  have  been  saved  by  adopting  the  original  location 
and  making  it  a  single  track  for  the  entire  length.  The  lower  end 
of  the  road  as  originally  located  was  about  700  ft.  north  of  the  long 
trestle  shown  on  the  map,  Fig.  1,  and  the  writer  proposed  to  connect 
here  with  the  railway  to  the  power-house,  which  was  to  have  a  maxi- 
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Mr.  Cunning-  mum  grade  of  3%,  with  two  switch-backs  to  enable  cars  to  run  di- 
rectly into  the  power-house.  It  was  admitted  that  this  would  be  the 
more  economical  construction,  but,  as  time  was  limited  and  the 
management  skeptical  about  a  single-track  line  having  sufficient 
capacity,  it  was  decided  to  build  the  more  expensive  line,  which  was 
double-tracked  for  one-half  its  length,  after  which  but  one  track  was 
used.  This  plant  cost  fully  $150  000  more  than  was  necessary,  and 
was  a  repetition  of  the  old  story  of  the  business  manager  and  lay- 
men mixing  in  the  engineering  department,  with  the  usual  results. 

Mr.  Adams.  ARTHUR  L.  Adams^  M.  Am.  Soc.  C.  E.*  (by  letter). — The  design 
of  works  of  the  character  described  in  this  paper  gives  rise  to  inter- 
esting and  important  hydraulic  and  economic  questions,  to  two  of 
which  the  writer  wishes  to  call  attention. 

The  first  is  the  carrying  capacity  of  large,  open,  box-flumes,  such 
as  used  in  the  construction  described  by  the  author. 

Although  this  type  of  construction  has  been  common  for  so  many 
years,  engineering  literature  records  no  experiments  on  flumes  of 
comparable  size  adequate  to  enable  one  to  determine  satisfactorily 
the  effect  on  carrying  capacity  to  be  expected  from  using  dressed  or 
rough  inner  surfaces,  the  effect  of  age  on  such  surfaces,  and  es- 
pecially the  effects  of  curvature  and  angles. 

Our  knowledge  of  flume  capacities,  thus  far,  is  based  largely 
upon  a  few  observations  made  on  straight  experimental  channels, 
supplemented  by  inferential  deductions  from  obsei'vations  made  on 
iron  pipes,  and  channels  of  other  character.  What  is  needed  is  care- 
ful determinations  of  results  achieved  in  actual  practice. 

If  the  flume  described  has  been  built  with  close  adherence  to 
established  grade,  a  condition  unfortunately  not  often  met  in  accom- 
plished work,  it  would  seem  to  offer,  by  reason  of  its  size  and  length, 
an  unusually  favorable  opportunity  for  a  valuable  addition  to  pro- 
fessional knowledge  on  this  important  subject.  The  expectation  that 
280  cu.  ft.  per  sec.  will  be  delivered  with  a  depth  of  4  ft.  seems  to  the 
writer  doubtf  iil  of  realization. 

The  second  question  to  which  the  writer  would  call  attention  is 
the  problem  involved  in  determining  the  permissible  sacrifice  in 
frictional  head  in  flumes  and  pressure  pipes  in  order  to  reduce  the 
size  and  keep  the  cost  in  accord  with  the  requirements  of  the  most 
economic  expenditure. 

In  the  case  of  a  flume,  it  is  true,  of  course,  that  the  grade  is  often 
necessarily  determined  by  other  considerations,  such  as  the  necessity 
for  diverting  at  a  certain  point,  and  the  desirability  of  delivering 
the  water  to  the  pressure  pipes  at  a  certain  advantageous  place,  or  it 
may  be  influenced  by  the  character  of  the  intervening  country;  but 

*  This  discussion  was  presented  before  the  San  Francisco  Association  of  Members^ 
Am.  Soc.  C.  E.,  at  its  meeting  of  August  19th,  1906. 
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none  of  these  factors  will  influence  the  permissible  loss  of  head  in  Bfr.  Adams, 
selecting  the  size  of  pressure  pipes  to  be  used. 

Whatever  the  other  limitations  may  be  in  any  specific  case,  it 
should  always  be  borne  in  mind  that  the  same  principle^  long  ago 
enunciated  for  securing  the  highest  economy  in  the  quantity  of 
copper  used  for  electric  transmission,  applies  to  other  forms  of  trans- 
mitting energy;  and  that  the  total  investment  in  flume  or  pressure 
piiw  should,  when  practicable,  at  least  approximate  to  the  value  of 
the  power  sacrificed  in  losses  of  head  therein. 

The  writer  believes  that  this  broader  application  of  the  rule  has 
been  very  often  overlooked  by  engineers,  and  he  recalls  no  instance 
where  attention  has  been  directed  to  it  in  professional  literature. 

In  the  case  of  power  installations  where  regulation  is  obtained 
by  automatic  gates  controlling  the  discharge,  low  velocities  in  the 
pressure  pipes  may  be  desirable,  in  the  avoidance  of  ram  and  in 
securing  ease  of  speed  control;  but,  under  high  heads,  where  deflect- 
ing nozzles  are  used  for  the  automatic  regulation,  whether  or  not 
needles  are  used  for  adjusting  by  hand  the  rate  of  discharge,  there 
can  be  no  danger  of  excessive  water  ram,  and,  consequently,  no 
mechanical  objection  to  the  use  of  high  velocities  in  the  pipes  if  the 
water  is  reasonably  free  from  grit,  as  it  must  be  for  other  reasons. 

In  the  installation  described  by  the  author  insufficient  data  are 
given  to  ascertain  whether  or  not  a  study  of  the  problem  has  been 
made  in  determining  the  size  and  grade  of  the  flume;  and  nothing 
is  said  as  to  whether  local  conditions  did  or  did  not  decide  the 
question.  But,  concerning  the  pressure  pipes,  enough  data  are 
given  to  throw  some  light  on  the  subject. 

The  cost  of  these  pipes  is  given  as  $140  000;  the  loss  of  head 
therein  as  7.2  ft.  Calling  the  installation  a  20  000-h.  p.  plant  indi- 
cates an  expected  efficiency  of  75%.  for  the  power-house  equipment. 
The  total  power  lost  in  the  pressure  pipes,  therefore,  is 

276  (cu.  ft.  per  sec.)  X  62.4  (lb.)  X  7.2  (ft.)  X  75  (%)  ^i^^h  « 

650  "  ^* 

and  the  cost  of  pipe  per  horse-power  sacrificed  in  the  pipe,  there- 
fore, is 

$140  000  -r-  169  =  $828. 
There  is,  therefore,  power  supplied,  in  using  pipes  of  the  size 
chosen,  costing  at  this  very  high  rate  for  the  pressure  pipes  alone, 
whereas  the  average  cost  of  the  entire  installation,  including  trans- 
mission lines  and  all,  is  given  as  about  $125  per  horse-power.  It 
appears,  therefore,  that,  in  keeping  the  frictional  loss  in  the  pipe  as 
low  as  7.2  ft.,  a  price  is  being  paid  for  some  power  saved  thereby  of 
nearly  seven  times  the  average  cost  of  producing  and  transmit- 
ting it. 
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Mr.  Adams.  Would  it  not  much  better  have  been  used  in  inducing  a  more 
rapid  rate  of  flow  and  a  correspondingly  lessened  investment  in 
pipe? 

The  writer  would  be  glad  to  be  informed  if  in  this  case  there 
were  factors  in  the  problem,  not  mentioned  in  the  paper,  which  over- 
ruled  the  considerations  he  has  just  mentioned  and  made  necessai^ 
the  course  adopted. 
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L.  J.  Le  Conte,  M.  Am.  Soc.  C.  E.t  (by  letter). — This  paper  is  Mr.  Le  Conte. 
very  suggestive,  and  brings  out  some  important  points  too  often  over- 
looked. The  great  divergence  of  opinions  of  engineers  of  ability  on 
any  given  harbor  project,  referred  to  by  the  author,  may  be  safely 
ascribed  to  differences  in  diagnosis  of  the  case  in  hand.  This  may 
be  explained,  in  a  measure,  by  assuming  that  each  engineer  naturally 
magnifies  the  importance  of  certain  facts  and  features  of  the  problem 
with  which  he  has  had  much  experience,  and  deliberately  slurs  over 
equally  important  facts  with  which  he  has  had  very  limited  experi- 
ence. The  whole  question  brings  to  mind  very  forcibly  the  fact 
that  it  is  hard  to  find  an  engineer  with  a  well-balanced  mind,  or  one 
who  can  calmly  consider  all  the  well-known  facts  and  give  each  one 
fairly  its  proper  weight  in  the  problem.  This  is  an  exceedingly 
rare  trait,  nowadays,  when  specialists  are  in  demand,  and  will  be- 
come still  rarer  in  the  future. 

As  to  the  nine  categories  submitted  by  the  author:  There  seems 
to  be  no  doubt  whatever  about  the  truth  of  the  first  statement.  Any 
stream  which  has  strength  of  character  and  stability  of  regimen 

*Thls  discussion  (of  the  paper  by  D.  A.  Watt,  M.  Am.  Soc.  C.  B.,  printed  in  Pro- 
eeedinffa  for  May,  1005),  is  printed  in  Proceeding*  in  order  that  the  views  expressed  may 
be  brought  before  ail  members  for  further  discussion. 

tThis  discussion  was  presented  before  the  San  Francisco  Association  of  Members, 
Am.  Soc.  C.  B.,  at  its  meeting  of  August  19th,  1006. 
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Mr.  Le  Oonte*  miist  have  some  curvature.  A  straight  ehennel  is  always  uncertain 
and  vacillating  in  its  nature.  The  least  ohstruction  either  throws 
the  axis  of  the  channel  to  one  side,  or,  worse  yet,  splits  it  in  two, 
both  of  which  are  undesirable  and  hurtful  in  their  effects. 

The  third  statement  is  not  expressed  very  clearly,  but  the  author 
probably  means  the  gorge  section  at  or  near  the  entrance,  which  cer^ 
tainly  has  a  most  remarkable  relation  to  the  tidal  prism  going  in 
and  out  with  each  tide.  That  is  to  say,  if  we  take  the  mean-tide 
sectional  area  at  the  gorge,  in  square  feet,  and  divide  this  by  the 
millions  of  cubic  feet  in  the  tidal  prism  going  in  and  out  at  each 
spring  tide,  we  wiU  get  as  a  result  a  very  important  relation  peculiar 
to  that  tidal  harbor,  which  will  compare  most  favorably  with  other 
harbors  in  the  same  neighborhood.  On  the  Pacific  Coast  this  rela- 
tion is  1 :  33,  Or,  in  other  words,  Nature  requires  33  sq.  ft.  of  mean- 
tide  section  for  each  and  every  million  cubic  feet  of  tidal  waters 
passing  in  or  out  at  spring  tides.  This  is  true  of  San  Diego,  San 
Pedro,  San  Francisco  and  Humboldt.  San  Francisco  BLarbor  has 
a  tidal  prism  area  of  480  sq.  miles  and  yet  this  ratio  is  maintained, 
although  the  shores  at  the  entrance  are  quite  rocky.  All  these  har- 
bors face  the  Pacific  Ocean,  and  the  natural  forces  of  the  discharg- 
ing ebb-tides  are  in  constant  battle  with  the  heavy  seas  and  ground 
swells  which  are  ceaselessly  beating  in  and  trying  to  choke  the 
entrance.  In  the  case  of  inner  harbors,  the  entrances  to  which  are 
very  largely  under  shelter,  the  ratio  above  mentioned  becomes  1:  43. 
This  difference  is  no  doubt  due  to  the  greater  exposure  to  which  the 
entrances  of  coast  harbors  are  subjected. 

Another  most  important  relation,  amply  verified  in  almost  every 
instance,  has  a  very  material  bearing  on  the  possibilities  in  any  given 
case  of  improvement  by  jetties.  It  has  been  found  by  long  experi- 
ence that  if  we  examine  carefully  the  best  defined  channel  in  the 
inner  harbor,  not  too  far  from  the  entrance,  and  note  the  width  and 
mid-channel  depth  in  feet  and  call  it  D,  then,  as  a  general  rule,  ex- 
perience shows  that  by  a  system  of  high-water  jetties,  we  cannot 
hope  to  get  and  maintain  a  bar-channel  depth  greater  than  one-half 
of  D.  But,  in  any  case,  it  may  be  said  that  this  is  a  function  of  the 
exposure  at  that  particular  site. 

In  reference  to  the  author's  statements  regarding  the  wisdom  of 
following  always  in  the  footsteps  of  Nature  in  establishing  the  jetty 
channel  location  from  the  entrance  out  across  the  bar,  the  writer 
has  this  to  say:  The  difficulty  in  all  cases  is  to  decide  when  is  the 
proper  time  to  follow  Nature.  Take  the  case  of  Humboldt,  for  in- 
stance :  The  best  channel  is  always  found  when  the  location  is  right 
square  abreast  of  the  gorge.  The  shore  drift  from  the  south  pushes 
the  channel  to  the  north  from  year  to  year,  the  navigable  depth  de- 
teriorating all  the  time,  and  the  difficulties  of  navigation  getting 
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'worse  and  worse  as  it  travels  northward.  Finally^  the  ebb-tide  dis-  Mr.  Le  Oonte. 
charge  from  the  gorge  b\irsts  out  through  the  sand  bar  square 
abreast  of  the  entranoe,  and,  as  a  result,  we  have  a  fine  channel  once 
ixM>re.  This  cycle  of  events  simply  repeats  itself  in  the  course  of  a 
fe'w  years.  It  would  seem  from  this  that  Nature  does  teU  us  in 
plain  language  that  the  proiier  place  for  the  channel  is  undoubtedly 
square  abreast  of  the  gorge,  and  the  existing  jetties  are  practically 
on  these  lines. 

The  author  says  he  is  inclined  to  believe  that  imder  usual  con- 
ditions the  best  time  for  its  construction  would  be  when  the  channel 
has  swung  to  about  midway  between  its  furthest  limits.  The  writer 
hegs  leave  to  differ  with  him,  for  the  reasons  above  stated. 

The  author  mentions  the  fact  that  in  some  cases  dredging  alone 
has  been  relied  upon  entirely  and  the  results  have  been  very  satis- 
factory. This  brings  to  mind  a  subject  which  has  been  much  dis- 
cussed of  late  by  harbor  engineers.  Dredging  operations  in  recent 
years  have  been  so  much  cheapened  by  new  devices  and  improved 
machinery  that  the  whole  financial  problem  of  '^jetties  or  no  jetties" 
has  undergone  a  vast  change,  in  favor  of  dredging  alone  as  a  first 
trial.  It  is  manifest  to  anyone  who  has  given  the  matter  much 
thought  that  the  question  whether  a  given  entrance  is  to  be  improved 
by  a  system  of  jetties  or  by  constant  dredging  alone  is  purely  a 
financial  one.  If  the  annual  cost  of  constant  dredging  to  maintain 
a  good  navigable  channel  proves  to  be  less  than  the  annual  interest 
on  the  cost  of  a  system  of  high-water  jetties  extending  out  to  the  fuU 
depth  called  for  in  the  jetty  channel,  then,  of  course,  dredging  is  the 
proper  solution  of  the  problem.  This  caUs  to  mind  the  case  of 
Liverpool,  where  the  Queen's  Channel  is  now  being  maintained  by 
dredging  alone,  without  the  assistance  of  any  jetties,  and  the  results 
— so  often  reported  against — ^have  proved  to  be  highly  satisfactory 
from  every  point  of  view. 

The  facts  of  the  whole  matter  are  just  these :  In  any  given  case 
the  quantity  of  traveling  drift  to  be  contended  with  is  the  factor  to 
be  determined.  This  can  best  be  ascertained  by  actual  trial  in  a 
dredged  channel,  and  will  at  once  lay  aside  all  mere  conjecture. 
If  this  trial  shows  conclusively  that  the  annual  cost  of  dredging 
operations  alone  is  more  than  the  annual  interest  on  the  cost  of 
high-water  jetties,  then  it  is  time  enough  to  begin  their  construction. 
If,  on  the  other  hand,  the  cost  of  dredging  should  be  less  than  the 
annual  interest,  then  give  up  the  idea  of  jetties  and  continue  annual 
dredging  operations. 

There  are  two  very  important  features  connected  with  this  sub- 
ject, both  of  which  go  to  strengthen  materially  the  dredging  side  of 
the  problem.  One  is  that  we  have  good  reasons  to  know  that  the 
cost  of  dredging  work  when  prolonged  for  some  years  with  improved 
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Mr.  Le  Conte.  machinery  will  grow  less  and  less.  The  second  is  that  one  cannot 
generally  hope  to  get  and  maintain  more  than  a  certain  limited 
depth  on  the  bar  by  a  system  of  high-water  jetties,  and  this  depth 
is  generally  only  about  half  the  mid-channel  depth  inside  the  gorge. 
This  depth  may  not  be  enough  for  the  interests  of  navigation.  On 
the  other  hand,  where  the  navigable  channel  is  being  maintained 
by  dredging  alone  one  is  at  liberty  to  make  any  depth  he  may  see 
fit;  40  to  45  ft.  at  low  water,  if  necessary.  These  practical  features, 
coupled  with  the  further  fact  that  the  interests  of  navigation  get 
the  results  so  much  sooner,  give  gn^at  weight  to  dredging  operations 
as  being  the  most  suitable  and  best  solution  to  the  problem  in  a 
great  many  cases  now  coming  up. 

Capt  Harts.  WiLLUM  W.  Harts,  M.  Am.  Soc.  C.  E.*  (by  letter). — The  extent 
of  experience  in  the  United  States  in  the  improvement  of  rivera 
and  harbors  for  the  benefit  of  navigation  is  but  little  realized  among 
engineers  and  less  by  the  general  public.  For  more  than  a  genera- 
tion— commencing,  in  fact,  before  the  War  of  the  Kebelfion — the 
Gpvemment  of  the  United  States  has  been  engaged  in  vast  works 
for  the  benefit  of  water-borne  commerce. 

But  few  countries  in  the  world  can  boast  of  the  variety  and 
extent  of  their  waterways  when  compared  with  those  of  the  United 
States,  and  in  but  few  are  the  problems  of  improvement  as  wide  in 
scope  and  as  large  in  extent.  The  construction  of  jetty  harbors, 
such  as  those  of  the  Pacific,  Southern  Atlantic  and  Gulf  Coasts, 
and  the  harbors  of  refuge  like  those  of  New  England,  the  protection 
and  development  of  the  fresh-water  lake  ports,  such  as  Buffalo  and 
Duluth,  the  deepening  of  rivers  in  alluvial  basins,  like  the  Lower 
Ohio  and  Tennessee,  canalization  work,  like  that  on  the  Monon- 
gahela,  regulation  of  rivers  like  the  Missouri,  constructing  locks 
and  canals,  like  the  Sault  Ste.  Marie,  show,  briefly,  that  the  scope 
of  the  work  is  large. 

These  works,  almost  exclusively,  have  been  in  the  hands  of  the 
Corps  of  Engineers  of  the  United  States  Army,  and  the  vast  measure 
of  benefit  to  commerce  derived  from  them  cannot  be  closely  esti- 
mated. 

It  is  stated  by  the  author  that  not  all  these  improvements  have 
fully  met  the  sanguine  expectations  of  the  engineers.  This  can 
scarcely  be  gainsaid,  but  where  can  a  body  of  engineers  be  found 
the  average  of  whose  success  is  higher  than  that  of  the  Corps  of 
Engineers  of  the  Army,  or  the  widespread  benefit  of  whose  work 
bears  any  more  economical  ratio  to  the  money  invested? 

Perhaps  it  is  a  wholesome  thing  that,  in  all  branches  of  art, 
letters  and  science,  there  will  be  found  few  successful  persons  who 

*Thi8  discumion  was  presented  before  the  San  Francisco  Association  of  Memben, 
Am.  Soc.  C.  Em  at  its  meeting  of  August  10th,  1906. 
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are  thoroughly  satisfied  with  the  way  their  creations  have  met  their  capt.  Harts, 
hopes. 

In  those  branches  of  engineering,  such  as  water-works  and  rail^ 
roads,  where  the  conditions  and  forces  at  work  are  more  easily 
analyzed  and  ascertained,  and  where  a  great  diversity  of  opinion  is 
not  ordinarily  to  be  looked  for,  there  are  found,  even  here,  frequent 
differences  of  mind  and  method,  and  principles  thought,  to  apply  to 
the  general  case  are  put  forward  with  considerable  hesitation. 

On  the  other  hand,  in  a  branch  of  engineering  where  the  com- 
binations of  natural  agencies  are  so  many  and  complex,  and  where 
their  results  are  so  often  hard  to  foresee  definitely — as  occurs  in 
river  and  harbor  engineering,  admittedly  one  of  the  most  difficult 
branches  of  the  science — ^the  establishment  of  correct  principles,  of 
anything  like  a  general  nature,  is  a  task  of  no  small  magnitude  and 
responsibility. 

In  all  branches  of  science  the  statement  of  correct  rules  ex- 
plaining natural  phenomena  is  usually  made  only  after  a  thorough 
and  prolonged  study,  and  after  sufficient  examples  are  observed  to 
insure  that  the  principles  as  stated  do  not  apply  rather  to  the  excep- 
tions than  to  the  general  case.  One  of  the  most  dangerous  things 
a  scientific  man  can  do  is  to  attempt  to  establish  wide  principles  on 
a  few  isolated  facts. 

Accepting  the  author's  invitation  for  criticism,  and  taking  up 
the  principles  enunciated  by  him  in  order,  we  notice  first  the  state- 
ment that  when  the  conditions  of  depth  and  width  are  constant  in 
flowing  water,  the  water  appears  to  be  moving  in  a  curve. 

The  converse  of  this,  that  the  most  constiint  and  best  channels 
of  rivers  are  usually  found  in  the  bends,  with  shoaler  depths  in  the 
crossings,  was  undoubtedly  known  by  river  pilots  for  many  years 
before  rivers  were  studied  to  any  great  extent  by  engineers.  There 
are  very  few  straight  lines  of  any  considerable  length  in  natural 
river  channels,  and  the  thread  of  the  stream,  or  the  '^thalweg," 
usually  winds  from  side  to  side  within  its  banks,  so  that  practically 
all  quietly  flowing  water  in  Nature  ^'appears  as  moving  in  a  curve." 
This  probably  results  from  many  conditions,  among  which  may  be 
recognized  the  non-homogeneous  character  of  the  banks  and  bed, 
and  the  tendency  of  water  to  travel  along  the  shortest  line  to  a 
lower  level. 

Practically  straight  reaches  in  rivers  do  exist  occasionally,  how- 
ever, where  depths  and  widths  are  fairly  permanent,  as  in  the  Sacra- 
mento below  Sutter  Island,  recently  observed  by  the  writer.  May 
not  the  principle  of  curved  channels,  as  stated  by  the  author,  be 
found,  on  closer  examination,  to  result  rather  from  the  non-homo- 
geneity of  the  containing  banks  than  from  any  inherent  and  in- 
scrutable purpose  of  the  currents  to  follow  a  curved  and  fixed  line 
when  not  '^bewildered"  by  the  engineer? 
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Capt.  HartB.  Greatest  depth  is  ordinarily  found  in  rivers  having  movable 
beds  where  the  filaments  of  the  currents  are  most  concentrated  both 
in  location  and  direction.  This  concentration,  of  course,  is  found 
in  Nature  most  generally  in  concave  bends,  but  it  is  not  at  all  im- 
possible in  straight  reaches  where  the  inter-relation  of  the  width, 
depth,  velocity  and  character  of  banks  and  bottom  is  a  sxdtable  one. 
Scour  in  the  bed  depends  on  the  bottom  velocity  of  the  water,  and, 
where  there  is  sufficient  to  pick  up  and  transport  the  material  of 
the  bed,  an  increase  of  depth  may  be  expected.  Likewise,  when 
velocities  are  reduced  beyond  what  is  necessary  for  transportation, 
suspended  material  is  deposited.  A  stable  channel  lies  somewhere 
between. 

Would  not  the  author's  first  principle,  as  stated,  deny  that  a 
straight  canal  could  be  constructed  where  the  depths  and  widths 
would  be  constant  f 

In  dredging  channels  for  navigation  the  straight  line  is  usually 
necessary  on  account  of  the  difficulty  otherwise  encountered  in  lay- 
ing out  the  work  and  in  setting  ranges  so  that  vessels  may  easily 
follow  the  deepened  channel.  When  properly  designed  and  located 
with  reference  to  currents  and  sediment,  these  nhftriTiftlt^  usually 
remain  open  satisfactorily.  No  experienced  river  engineer  lays 
out  dredged  channels  in  curved  lines,  particularly  if  far  from  the 
banks  and  landmarks,  unless  there  is  no  alternative. 

It  is  not  believed  that  the  author  intended  his  statement  as 
written. 

In  his  second  principle  he  refers  to  the  fixed  relation  between 
the  curvature  and  best  attainable  condition  of  the  channel.  This 
is  not  very  clear,  as  stated.  It  will  scarcely  be  denied  that  there  is 
some  relation  between  these  two,  but  there  seems  to  be  grave  doubt 
as  to  its  fixedness,  except  for  exactly  similar  conditions. 

In  the  very  nature  of  things,  it  is  plain  that  this  relation  would 
change  for  different  rivers,  for  different  stages  in  the  river,  for 
different  velocities,  with  the  character  of  the  banks  and  bottom,  and 
with  the  quantity  of  sediment  already  in  motion. 

Hie  author's  third  principle  can  scarcely  be  admitted  as  a 
general  truth,  that  there  exists,  or  has  existed,  under  natural  con- 
ditions, a  channel  at  each  river  mouth  that  limits  the  possibilities 
of  artificial  improvement  as  to  depth,  width  and  curvature. 

It  is  quite  within  the  range  of  possibilities,  of  course,  that  the 
position  of  the  headlands,  the  location  and  shape  of  the  bar,  extreme 
flood  conditions  of  tide,  together  with  the  action  of  storms,  might 
fortuitotisly  combine  to  cause  a  bar  channel  to  scour  out  to  even  a 
greater  depth  than  could  be  secured  by  jetties  or  training  walls 
acting  under  normal  conditions,  but  that  this  happens  in  all  cases 
can  scarcely  be  maintained. 
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UnleBS  the  exact  moment  of  such  a  maximum  depth,  in  case  it  Capt.  Harts. 
sHould  exist,  could  be  secured  for  making  a  survey  before  normal 
conditions  reassert  themselves,  how  is  the  information  to  be  ob- 
tained as  to  these  special  channels  so  that  it  can  be  applied? 

£ven  if  obtainable,  can  it  be  shown  that  there  is  any  known 
relation  between  this  unusual  and  accidental  depth  and  the  depths 
and  ^dths  possible  with  improvement  under  the  normal  and  usual 
conditions? 

Furthermore,  it  can  scarcely  be  claimed  that  the  rule,  even  if 
true,  would  be  a  good  guide,  as  lack  of  sufficient  information,  often 
impossible  to  secure,  might  easily  cause  an  engineer  following  it  to 
be  misled. 

The  depth  at  the  Sulina  Mouth  of  the  Danube  varied  from  9  to 
11  ft.,  and,  from  descriptions  available,  was  never  found  to  be  more 
than  11  ft.  before  improvement.    After  the  completion  of  the  train- 
ing works  a  permanent  depth  of  21  ft.  was  secured.    At  Humboldt 
Bay,  California,  the  maximum  depth  of  channel  before  improvement 
was   reported  as  25  ft.,  whereas,  after  the  improvement,  channel 
depths  of  31  ft.  are  found.    Purther  examples  could  probably  be 
found,  with  further  search,  which  would  doubtless  add  to  the  con- 
viction that  it  is  entirely  futile  to  attempt  to  establish  the  relation 
between  the  natural  and  artificial  depths  mentioned  by  the  author. 
In  the  light  of  recent  observation  and  practice,  the  authors  idea 
of  the  formation  of  bars  also  seems  to  be  erroneous.    In  the  United 
States  it  is  usually  conceded  that  the  bars  at  river  mouths  in  tidal 
seas  are  the  result  far  more  of  the  external  forces  in  the  sea,  such 
as  sand-bearing,  littoral  currents  and  sand-moving  storms,  than  the 
result  of  the  deposit  of  sediment  from  sediment-bearing  streams. 

Such  channels  as  exist  are  undoubtedly  the  resultant  of  the 
action  of  the  deepening  forces  of  the  tidal  currents  flowing  in  and 
out  of  the  bay  twice  each  day  and  the  bar-forming  forces  mentioned 
above.  But  for  these  tidal  currents,  the  mouths  of  all  the  harbors 
of  the  Pacific  Coast  and  the  South  Atlantic  Coast  would  in  all 
probability  be  sooner  or  later  ruined  for  navigation  by  being  filled 
with  sand. 

Except  i)erhap6  at  the  mouth  of  the  Mississippi,  the  bars  at  the 
entrances  of  sea  harbors  are  usually  of  sea  sand  and  not  of  river 
sediment.  The  author  probably  confuses  the  formation  of  ocean 
bars  with  that  of  river  deltas  in  tideless  seas — ^two  very  different 
processes. 

In  his  fourth  principle  the  author  remarks  upon  the  winding 
course  of  river  currents  at  their  mouths  in  the  open  sea.  As  long 
as  the  river  currents  are  directed  by  their  banks,  it  is,  as  was  men- 
tioned above,  only  natural  that  the  channels  of  deepest  water  should 
curve   from   side  to   side.     The   river  is   only   fulfilling   its   well- 


524  DISCUSSION  ON  RIVER  AND  KARBOR  OUTLETS.         [Papen. 

Capt.  Harts,  observed  laws  in  this.  It  would  be  more  worthy  of  notice  if  this 
were  not  so.  As  soon,  however,  as  the  current  passes  beyond  the 
control  of  the  banks  or  underwater  shoals,  its  force  is  often  quickly 
dissipated  in  the  sea,  and  the  channel  becomes  subject  to  decided 
change  in  location  and  depth  as  well  as  in  curvature,  due  to  the 
action  of  the  forces  of  the  sea  and  storms.  In  many  cases  these 
changes  have  wide  limits.  That  there  is  any  direct  and  permanent 
relation  between  the  many  different  curves  of  the  channel  found  at 
different  times  across  the  bar  with  any  of  its  other  curves  aeems  to 
be  very  improbable.  Such  a  fact  would  certainly  be  very  hard  to 
establish.  Certainly,  one  harbor  and  one  survey  of  this  harbor  can 
scarcely  be  convincing. 

As  long  as  the  dynamic  force  of  the  current  is  conserved  and 
directed  by  the  banks,  the  best  depths  are  found.  Artificial  improve- 
ment may  be  regarded  as  simply  continuing  this  controlling  eSect 
by  means  of  jetties,  so  that  the  channel  in  its  newly  fixed  location 
may  maintain  the  best  depths  possible  over  the  obstructing  bar.  It 
is  more  and  more  becoming  a  matter  of  general  belief  that  the 
trace  of  these  jetties  is  of  much  less  importance  than  their  proper 
location.  Even  concave,  ^'reaction,"  or  other  theoretical  jetties 
may  often  do  good  work  if  well  located  Their  main  effect  bein; 
independent  of  their  shape,  would  in  most  such  cases  be  accom- 
plished equally  well  with  a  cheaper  and  simpler  trace. 

With  regard  to  the  cycles  of  change  in  location  of  the  channels, 
it  is  believed  that  the  author's  observation  is  again  at  fault.  At 
Coos  Bay,  before  improvement,  at  Nehalem,  at  Tillamook,  and  at 
other  harbors  on  the  Pacific  Coast,  the  cycle  of  change  has  been 
closely  observed  and  found  to  agree  in  the  main.  The  channel  as 
it  enters  the  sea  is  diverted  one  way  or  the  other — at  Coos  Bay  to 
the  north,  at  Nehalem  to  the  south,  and  at  Tillamook  to  the  nordL 
This  action  of  channel  flexion  might  continue  indefinitely  in  the 
same  direction  but  for  the  fact  that  the  surface  slope  of  the  river 
seaward  is  thereby  so  prolonged  that  the  outgoing  tide  produces 
eventually  a  hydraulic  head  against  the  diverting  sand  spit,  which 
is  more  than  the  spit  can  withstand.  Then  the  tide  cuts  out  a  new 
and  more  direct  channel  for  itself.  In  other  words,  the  spit  across 
the  entrance  thus  acts  as  a  diverting  dike,  prolonging  itself  by  the 
sand-bearing  currents  across  the  mouth  and  holding  back  the  out- 
flow of  the  tide  more  and  more  by  compelling  it  to  take  a  longer 
course  to  sea.  When  the  difference  of  level  between  the  water  sur- 
face in  the  channel  and  the  ocean  is  sufficient  to  break  through  the 
dike  when  aided  by  storms  at  sea,  a  shorter  line  of  discharge  lb  at 
once  cut  out.  A  similar  action  is  found  on  the  South  Atlantic 
Coast. 

Deltas  are  not  formed  in  river  mouths  and  estuaries  having  a 
pronounced  tide. 
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The  statement  that  middle  grounds  in  tidal  river  mouths  are  Capt.  Hartg. 
formed  by  the  deposit  of  river-borne  sediment  in  the  deepest  chan- 
nel, building  it  up  into  a  shoal,  thus  dividing  the  former  channel 
into  two  parts,  seems  to  be  singularly  erroneous.  In  the  deepest 
channels  the  velocities  are  greatest  and  the  capacity  for  carrying 
sediment  is  greatest,  and  the  tendency  to  deposit,  therefore,  is  least 
If  this  statement  were  generally  applicable,  would  there  not  in- 
evitably be  found  in  the  center  of  the  Lower  Mississippi  River  a 
long,  narrow,  middle-ground  shoal  with  a  double  channel?  Such  a 
condition  has  never  been  reported,  as  far  as  known.  All  indications 
point  to  other  causes  for  middle-ground  shoals. 

In  the  author's  ^th  principle  he  says  it  is  essential  that  the 
natural  conditions  of  location  and  curvature,  especially  as  regards 
the  bar  crossing,  be  interfered  with  as  little  as  possible.  He  has 
already  explained,  imder  his  fourth  principle,  that  after  leaving  the 
shore,  the  channels  vary  in  location  over  very  wide  limits  when 
''bewildered"  by  the  ocean. 

Which  one  of  these  many  locations  would  he  adopt  under  his 
fifth  principle? 

The  demands  of  navigation  must  be  met,  attention  must  be  paid 
to  the  direction  of  the  worst  storms,  and  the  other  natural  con- 
ditions of  the  entrance  must  be  studied  for  each  locality  and  given 
their  due  weight  in  selecting  a  location  for  an  improved  channel. 
How  does  the  author's  fifth  principle  help?  Does  he  not  again 
confuse  river  conditions  with  those  of  the  sea? 

The  author's  idea  of  the  inherent  tendency  of  the  water  to  follow 
its  chosen  path  should  also  be  examined.  Perhaps  some  simpler 
explanation  ean  be  found  for  what  he  considers  a  mysterious  and 
incalculable  tendency,  not  to  be  tampered  with,  except  at  the  en- 
gineer's peril. 

He  refers  to  several  examples  of  harbors  where  the  location  of 
the  jetties  has  not  been  in  accord  with  what  he  considers  a  proper 
one,  so  that  the  main  channel  was  diverted  too  much  from  what  he 
accepts  as  its  chosen  location.  Two  of  the  cases  mentioned — St. 
Johns  River  and  the  entrance  to  Cumberland  Sound — are  on  the 
South  Atlantic  Coast.  In  both  of  these  cases  the  littoral  drift  of 
the  sand  is  plainly  southward  across  their  entrances,  and  at  both 
places,  before  improvement,  the  entrance  was  decidedly  fiexed  to  the 
south,  slowly  shifting  further  to  the  southward  in  more  or  less 
regular  cycles  until  moved  to  a  more  direct  location  more  nearly 
easterly,  somewhat  as  above  described  for  Pacific  harbors. 

A  glance  at  the  map  of  St.  Johns  River  will  show  the  southern 
bank  of  the  river  projecting  beyond  the  northern  bank.  The  south- 
erly drift  of  the  sand,  interrupted  by  this  south  bank,  has  turned 
the  main  channel  well  to  the  southward  around  this  bank  and  filled 
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Oapt.  Harts,  in  the  open  space  north  of  it  with  a  ahoal  haying  slight  depths.  It 
is  probable  that  the  flood-tide  coming  from  the  sea  without  any  pre- 
ponderant directing  influences  has  found  less  resistance  in  breaking 
across  this  shoal,  thus  forming  a  swash  channel,  than  in  followixig 
the  longer  and  deeper  channel  made  mainly  by  the  ebb-tide,  which 
is  strongly  directed  by  the  river  banks  and  headlands. 

In  building  the  south  jetty  first,  the  location  of  the  main  chan- 
nel was  limited  in  its  southerly  location.'  Encroachment  on  the 
channel,  due  to  the  supply  of  sand  from  the  north,  was  not  cut  off 
at  that  time.  It  seems  more  probable  that  in  this  natural  way  the 
channel  was  crowded  against  the  south  jetty  rather  than  by  aiiy 
inherent  tendency  of  the  channel  to  follow  chosen  paths.  As  the 
north  jetty  was  built  out,  the  channel  has  shifted  to  the  north,  so 
that  in  1905  the  channel  enters  the  harbor  across  the  prolongation 
of  the  north  jetty.*  As  the  supply  of  sand  from  the  north  is  cat 
off  more  and  more  by  building  the  north  jetty  to  full  high-tide  le?e], 
and  as  the  shoal  between  the  jetties,  no  longer  supplied  with  sand, 
is  carried  seaward,  the  channel  may  be  expected  to  shift  still  farther 
to  the  northward  and  i>erhaps  move  away  entirely  from  its  present 
location  against  the  south  jetty.  This  sort  of  action  has  alrea^f 
taken  place  at  Coquille  Biver,  in  Oregon,  and  has  also  taken  place 
at  the  entrance  to  Cumberland  Sound.  As  fast  as  the  north  jetty 
at  the  latter  place  has  been  extended  and  raised,  the  sailing  channel 
has  moved  to  a  more  protected  location  farther  north,  as  shown  on 
Plate  LV.t 

The  author  also  mentions  the  mouth  of  the  Mississippi  River 
as  an  example  of  the  inherent  tendency  of  currents  to  follow  their 
chosen  paths,  showing  on  the  map  a  deep  hole  which  had  scotired 
as  a  mute  protest  against  encroachment  by  the  jetties  upon  its 
chosen  path.  He  plats  the  chosen  path  arbitrarily,  making  it  cross 
the  line  of  the  west  jetty  near  station  Kipp.  If  the  line  of  deepest 
water  be  plotted  on  the  map  it  will  be  found  that  it  lies  within  the 
line  of  the  west  jetty,  far  beyond  the  point  where  he  makes  it  cross, 
and  even  beyond  the  deep  hole.  By  what  method  does  he  obtain  the 
"resultant  line  of  flow,"  and  how  sure  can  he  be  that  the  contoun 
of  the  maps  of  1876  would  give  the  same  line  as  earlier  surveys,  and 
that  change  was  not  taking  place  at  this  mouth  from  time  to  time? 
Unfortunately  for  his  theory,  also,  the  map  of  1904  not  only  shows 
no  unusual  scour  in  this  location,  but  shows  short  spurs,  built  later 
in  this  vicinity,  to  prevent  fill.t  Apparently  the  "mute  protest" 
had  failed. 

A  few  words  as  to  the  early  history  of  the  Mississippi  River  im- 
provement may  not  be  out  of  place. 

*8ee  map,  p.  1686,  Annual  Report,  Chief  of  Engineers,  U.  S.  Army,  1004. 
f  Proceeaings^  Am.  Soc.  C.  E..  for  May,  1005. 
X  Annual  Report,  Chief  of  Engineers,  1004. 
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The  Mississippi  mouth  is  one  of  the  few  works  of  river  improve-  Capt.  Harta. 
ment  not  originally  constructed  under  the  direction  of  the  Corps 
of  Engineers  of  the  Army. 

As  early  as  1852  a  Board  of  Engineer  Officers  recommended  that 
the  improvement  of  the  mouth  of  the  Mississippi  be  made  by  con- 
structing parallel  jetties,  provided  the  operations  of  harrowing  or 
raking  the  bar  then  being  tried  were  not  successful  No  action  on 
this  recommendation  was  taken  by  Congress. 

In  1871  Congress  directed  an  examination  to  be  made  of  the 
mouth  of  the  Mississippi,  under  the  direction  of  the  Secretary  of 
War,  and  an  estimate  of  cost  to  be  submitted  for  a  canal  with  locks 
connecting  the  deep  water  of  the  river  with  deep  water  in  the  Ghilf 
of  Mexico. 

This  examination  was  made,  and  a  project  was  submitted  by 
Captain  Howell,  Corps  of  Engineers,  in  1873.  A  Board  of  En- 
gineers was  called  early  in  1874  to  report  on  this  project.  Con- 
siderable dissatisfaction  was  manifested  by  several  members  of  the 
Board  over  any  plan  not  contemplating  an  open  river. 

The  scope  of  the  Board  was  then  widened,  and  a  project  was 
called  for  and  submitted  for  an  improvement  by  means  of  jetties. 

This  project  was  made  and  submitted  in  1874,  and  contemplated 
the  construction  of  parallel  jetties  made  of  brush  fascines  built  into 
mattresses,  weighted  with  rip-rap;  the  jetties  to  be  about  H  miles 
long  and  lying  2  200  ft.  apart  This  width  was  to  be  reduced  by 
spurs  if  found  necessary.  The  cost  was  estimated  at  nearly 
$5  000  000,  and  the  time  required  for  construction  was  estimated  at 
four  years.  Members  of  the  Board  disagreed  as  to  their  recom- 
mendation of  this  plan,  some  preferring  the  system  of  canal  and 
locks,  as  a  similar  experiment,  some  years  before,  had  been  success- 
fully put  into  service  at  the  mouth  of  the  Rhone.* 

Congress  failed  to  act,  on  either  the  jetty  or  canal  and  locks 
project,  until  the  late  J.  B.  Eads,  M.  Am.  Soc.  C.  E.,  apparently 
believing  more  in  the  jetty  project  of  the  engineer  officers  than 
did  Congress,  came  forward  in  1875  with  a  proposal  by  which  he 
was  to  take  the  risk  of  failure,  guaranteeing  to  secure  by  parallel 
.  jetties  a  channel  300  ft.  wide  and  30  ft.  deep  within  five  years  for 
$5  252  000,  and  to  maintain  it  for  twenty  years  at  an  additional 
cost  of  $100  OOQ  per  year. 

The  long  record  of  sediment  and  current  observations  of  Gen- 
erals Humphreys  and  Abbot  were  available  for  his  guidance,  and 
the  surveys  and  experiments,  covering  many  years,  made  by  the 
army  engineers  were  all  presumably  of  much  value  to  him.  After 
securing  the  co-operation  of  the  river  pilots  and  other  similar  asso- 
ciations, and  the  indorsement  of  the  citizens  of  the  region  affected, 

*  Annual  Report,  Chief  of  Engineers,  1874. 
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Capt.  Harte.  ^6  ^8^  rewarded  by  Congress  with  the  acceptance  of  his  proposal 
by  the  Act  of  March  3d,  1876. 

This  work  was  pushed  to  completion  within  five  years,  and  has 
since  maintained  excellent  depths  for  navigation.  Being  carried 
out  on  practically  the  proposed  plans  of  the  army  engineers,  it  has 
vindicated  the  good  judgment  of  the  early  engineer  officers  who 
advocated  this  plan  of  improvement.  The  full  width  of  300  ft 
having  30  ft.  depth,  however,  was  not  secured,  so  that  Congress, 
later,  modified  its  original  act  and  made  a  concession  in  its  terms 
that  authorized  payment  to  Mr.  Eads,  if  he  could  maintain  a  channd 
200  ft.  wide  and  26  ft.  deep,  with  a  central  channel  30  ft  de^ 
without  regard  to  width.  By  resorting  to  dredging  from  time  to 
time  he  was  enabled  to  maintcdn  this  channeL 

Another  startling  statement  of  the  author  assumes  that  the 
exceUent  results  obtained  at  Galveston  were  due,  not  to  any  wisdom 
in  the  selection  of  a  suitable  location  for  the  jetties,  not  to  the 
tidal  prism  of  the  bay,  not  to  any  well-studied  design  as  to  the 
height  and  length  or  width  apart  of  the  jetties  at  their  outer  ends, 
but  rather  to  the  "wide  basin  left  between  the  jetties  near  theii 
shore  ends,"  permitting  the  channel  to  continue  in  its  natural 
course. 

If  this  principle  can  be  supported  by  the  author,  he  has  indeed 
made  a  discovery. 

In  the  author's  eighth  principle  he  advocates  rapidity  of  con- 
struction.. Harbor  works  are  no  exception  to  the  general  rule  that 
there  is  an  economical  rate  of  speed  in  all  construction,  depending 
on  many  considerations.  It  often  occurs  that  funds  are  supplied 
for  public  harbor  and  river  works  by  Congress,  not  in  accordance 
with  the  needs  of  the  work,  but  for  other  good  reasons,  such  as  the 
state  of  the  public  treasury  or  the  more  urgent  need  of  other  locali- 
ties, and  the  like;  so  that  some  improvements  are  carried  on,  in 
spite  of  the  engineers,  in  a  halting  and  interrupted  manner,  not 
only  injurious  to  the  efficiency  of  the  work,  but  necessarily  un- 
economically. 

For  economical  management,  the  progress  of  every  such  work, 
of  course,  should  never  be  hampered  by  lack  of  funds,  but  a  work 
once  commenced  should  have  sufficient  funds  in  sight  for  its  com- 
pletion. 

With  this  exception  the  writer  cannot  agree  with  the  author  that 
rapidity  is  always  a  desirable  feature  or  an  essential  to  success. 
Jetties  may  sometimes  be  built  too  rapidly,  and  cases  are  known 
where  "more  haste  makes  less  speed." 

At  thq,  mouth  of  th^  Columbia  River  the  rapid  extension  of  the 
jetty  during  construction  caused  underscour,  at  one  time  threaten- 
ing the  existence  of  the  jetty  itself.     Spurs  had  to  be  built  to  pro- 


Papers.]       DISOUSSION  ON  RIVER  AND  HARBOR  OUTLETS.  529 

tect  the  base  from  the  current.  These  spurs  were  effectiTe,  but  Capt.  Harts. 
after  some  time  were  found  to  be  left  far  from  the  channel  dfter 
the  entrance  had  accommodated  itself  to  its  new  conditions  and  a 
new  equilibrium  had  been  more  nearly  restored.  Time  is  often 
necessary  to  enable  the  engineer  to  know  just  what  effect  his  works 
■will  have. 

Nor  is  his  ninth  principle  of  universal  application.  At  the 
Ck>lumbia  River  the  dredging  operations  after  a  full  season's  trial 
have  been  found  unsucceesfuL  All  the  smaller  Pacific  Ooast  ports 
change  considerably  from  time  to  time,  especially  in  depth.  Many 
of  them  are  perceptibly  shoaled  in  storms,  but,  with  well-designed 
works,  after  a  short  period  of  good  weather,  this  shoaling  is  again 
scoured  out.  At  Coos  Bay,  on  one  occasion,  a  shoaling  of  4  ft. 
during  a  single  severe  southwest  storm  was  reported,  which  was 
completely  scoured  out  again  within  a  few  days.  Dredging  under 
auch  conditions  must  necessarily  be  of  doubtful  value. 

There  can  be  no  doubt,  however,  that  improvement  by  dredging 
is  receiving  much  more  attention  than  formerly.  Channels  in  some 
localities  which  were  thought  to  be  impossible  to  maintain  without 
permanent  works  are  now  found  to  be  kept  open  successfully  by 
dredging.  New  Yoric  Harbor's  40-ft  channel,  now  being  dredged,  is 
believed  to  be  a  permanent  improvement,  results  in  neighboring 
channels  being  sufficient  to  decide  the  engineers  in  recommending 
this  form  of  improvement. 

The  author's  paper,  on  the  whole,  emphasizes  the  fact  that  the 
statement  of  general  principles,  to  be  convincing,  must  be  made 
with  considerable  care,  especially  with  regard  to  river  and  harbor 
engineering,  and  that  no  "rule-of-thumb"  or  similar  formula  will 
ever  replace  the  careful  study  of  the  conditions  surrounding  the 
work  at  each  place  to  be  improved.  It  emphasizes,  further,  the 
wisdom  of  studying  and  digesting  particulars  thoroughly  before 
proceeding  to  establish  wide  general  principles. 
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STANBISH  BARBT  BURTON,  M.  Am.  Soc.  C.  £.* 


Died  August  13th,  1904. 


Standish  Barry  Burton  was  born  in  Herkimer,  New  York,  on 
March  23d,  1856,  of  Scotch-Irish  parentage.  After  attending  the 
public  schools  of  his  native  town  and  attending  college,  he  took  a 
poet-graduate  course  in  Civil  Engineering,  after  which,  although 
but  18  years  old,  he  was  engaged  in  land  surveys  in  the  State  of 
New  York,  under  Mr.  Amos  Freeman,  a  surveyor  of  some  note  at 
that  time.  From  1875  to  1877  he  was  associated  with  Mr.  R  B. 
Odell,  M.  E.,  of  Fulton,  Oswego  County,  New  York,  but  in  the  latter 
year  he  obtained  his  first  position  with  a  railroad  company,  remain- 
ing two  years  with  the  Atchison,  Topeka  and  Santa  Fe  Railway. 
In  1880  he  was  for  a  short  time  with  the  Atchison  and  Nebraska 
Railway,  coming  thence  to  Texas,  where  for  nearly  two  years  he 
held  a  responsible  position  in  the  operating  department  of  the 
Texas  and  Pacific  Railway,  then  under  construction  through  West- 
em  Texas  to  El  Paso.  In  1882  he  was  offered  and  accepted  a 
position  with  the  Mexican  Central  Railway,  then  building  through 
El  Paso,  and  south  through  Mexico,  from  which  time  until  his 
death  he  remained  in  the  Republic  of  Mexico.  For  seven  years  he 
was  with  the  Mexican  Central  Railway,  and  during  the  last  five 
he  was  Superintendent  of  the  Second  Division,  and  Engineer  of 
Maintenance  of  Way.  When  he  finally  resigned,  in  1889,  he  was 
Superintendent  of  the  First,  Second  and  Third  Divisions.  From 
1889  until  1893  he  was  Chief  Engineer  of  both  the  Monterey  Smelt- 
ing and  Refining  Company  and  the  Nuevo  Leon  Smelting  and  Re- 
fining Company,  during  which  time  he  designed  and  constructed  a 
large  smelting  plant  now  in  operation  at  Monterey,  which  stands  as 
a  monument  to  his  skill  and  ability  in  this  line.  Upon  the  com- 
pletion of  the  Monterey  smelter  he  received  the  appointment  of 
Chief  Engineer  and  General  Manager  of  the  Tehuantepec  National 
Railway,  which  spans  the  Isthmus  of  Tehuantepec  from  the  Atlantic 
to  the  Pacific,  and  it  was  under  his  direction  that  the  construction 
of  this  road  was  brought  to  completion.  In  spite  of  the  great  diffi- 
culties of  a  climate  full  of  malaria,  and  people  unused  to  labor,  he 
succeeded  in  building  a  first-class  standard  railroad,  which  is  to-day 
becoming  a  line  of  the  greatest  importance,  not  only  to  Mexico,  but 

*  Memoir  prepared  by  F.  H.  Dillon,  Assoc.  M.  Am.  Soc.  C.  C 
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to  all  countries,  and  especially  the  United  States,  in  its  com- 
merce with  the  East.  After  leaving  Tehuantepec,  Mr.  Burton  went 
into  mining,  in  which  he  was  engaged  up  to  the  time  of  his  death, 
and  was  the  General  Manager  of  several  important  mining  com- 
panies operating  in  the  Bepuhlic  of  Mexico. 

He  was  a  man  of  great  and  varied  ability,  and  immense  energy. 
He  showed  great  originality  in  the  many  engineering  works  designed 
and  carried  out  by  him,  and  was  so  particular  as  to  details  that  he 
always  insisted  on  giving  his  personal  attention  to  every  matter 
which  he  had  in  hand,  however  small. 

He  was  a  man  of  very  amiable  character,  and  beloved  by  all 
w^ith  whom  he  came  in  contact.  He  was  married  in  San  Antonio, 
Texas,  on  February  22d,  1887,  to  Miss  Jennie  De  Ham,  who,  with 
four  children,  survives  him.  His  unfortunate  death  took  place  quite 
suddenly  on  August  13th,  1904,  while  he  was  engaged  in  examining 
some  mining  properties  in  the  State  of  Tamaulipas,  Mexico. 

Mr.  Burton  was  elected  a  Member  of  the  American  Society  of 
Oivil  Engineers  on  June  1st,  1898. 
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MINUTES  OF  MEETINGS. 


OP  THE  SOCIETY. 


October  ^th*  1905.— The  meeting  was  called  to  order  at  8.30 
p.  M.;  President  C.  0.  Schneider  in  the  chair;  Chas.  Warren  Hunt, 
Secretary;  and  present,  also,  134  members  and  21  guests. 

The  minutes  of  the  meetings  of  September  6th  and  20th,  1905, 
were  approved  as  printed  in  the  Proceedings  for  September,  1906. 

A  paper  by  Roberto  Gayol,  M.  Am.  Soc.  C.  E.,  entitled  "Some 
Specialties  of  the  System  for  Flushing  the  New  Sewers  of  the  Oity 
of  Mexico,''  was  presented  by  the  Secretary,  who  also  read  a  com- 
munication on  the  subject  from  Alexander  Potter,  Assoc.  M.  Am. 
Soc.  C.  E.  A  second  paper,  entitled  "The  Walworth  Sewer,  Cleve- 
land, Ohio,"  by  Walter  C.  Parmley,  M.  Am.  Soc.  C.  E.,  was  pre- 
sented by  the  author.  The  Secretary  read  a  communication  on  the 
subject  from  C.  G.  Force,  M.  Am.  Soc.  C.  E.,  and  the  paper  was  dis- 
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cussed  further  by  Messrs.  Foster  CroweU,  0.  E.  Gregory,  and  tiie 
author. 

Ballots  for  membership  were  canvassed,  and  the  followin^r  can- 
didates elected: 

As  Members. 

Andrews  Allen^  Chicago,  111. 
Chauncey  Loomis  Allen,  Utica,  N.  Y. 
Walter  Root  Aemstrong,  Chihuahua,  Mexico. 
Thomas  Chalkley  James  Baily,  Jr.,  Washingrton,  D.  C. 
Harry  Austin  Belden,  Manila,  Philippine  Islands. 
LiNcx>LN  Bush,  East  Orange,  N.  J. 
Charles  Elbert  Curtis,  Johnstown,  Pa. 
William  Sanborn  Dawlby,  Chicago,  HI. 
Howard  Albert  Dill,  Richmond,  Ind. 
Edmund  Hazen  Drury,  City  of  Mexico,  Mexico. 
Chester  Hardino,  Washington,  D.  C. 
John  Bradford  Harper,  Blackrock,  N.  Mex. 
Louis  Clarence  Hill,  Roosevelt,  Ariz. 
Wilder  Maoaulay  Judd,  Pittsburg,  Pa. 
WiLLUM  States  Lee,  Jr.,  Charlotte,  N.  0. 
Luis  Matamoros,  San  Jose,  Costa  Rica. 
Leopold  Jehud  Mensch,  Chicago,  111. 
'^  Prank  Neher,  St.  Louis,  Mo. 

William  Marshall  Rees,  Memphis,  Tenn. 

Louis  E  Rttter,  Chicago,  HI. 

William  Gardner  Russell,  Russell,  Kans. 

Robert  Erwin  Sheal,  Cleveland,  Ohio. 

Saeuro  Tanabe,  Kyoto,  Japan. 

Andrew  Whitney  Woodman,  Boston,  Mass. 

As  Associate  Members. 

Paul  Beer,  Des  Moines,  Iowa. 

Henry  Robinson  Buck,  Hartford,  Conn. 

Victor  Hugo  Cochrane,  Pittsburg,  Pa. 

Frederick  Davis,  New  York  City. 

Leander  Dorsey,  Clay  Court  House,  W.  Va. 

Myron  Samuel  Falk,  New  York  City. 

JosiAH  Monk  Fletcher,  Albany,  Jamaica,  B.  W.  I. 

Arthur  Leonard  Giles,  Sioux  City,  Iowa. 

Robert  Parsons  Howell,  Phillipsburg,  N.  J. 

Charles  Adams  Hunt,  New  York  City. 

ToRAO  BIawaguchi,  Kumamoto,  Japan. 

Marshall  Ora  Leighton,  Washington,  D.  C. 

Kieffer  Lindsey,  Syracuse,  N.  Y. 
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Gordon  Stafford  Meek,  Conneaut,  Ohio. 

Clifford  Older>  Slater,  Mo.  * 

Clyde  Potts,  New  York  City. 

Ralph  Fbnno  Prootor,  New  York  City. 

John  Charles  IQiedel,  Brooklyn,  N.  Y. 

Frank  Harold  Shaw,  Lancaster,  Pa. 

Stanlet  Frederick  Stokes,  Standerton,  South  Africa. 

WiLFORD  AsHFORD  THOMPSON,  East  St.  Louis,  HI. 

Clinton  Draper  Thurber,  Norfolk,  Va. 

HoBART  Brown  Upjohn,  New  York  City. 

Frederick  Creelman  Waddell,  New  York  City. 

Edwin  Carlton  Woodward,  Torrington,  Wyo. 

The  Secretary  announced  the  transfer  of  the  following  candi- 
dates, hy  the  Board  of  Direction,  on  Octoher  3d,  1906: 

From  Assocute  Member  to  Member. 

Ernest  Howard  Baldwin,  Alcova,  Wyo. 
Oeoroe  Lyon  Christian,  New  York  City. 
GusTAYUS  Adolphus  Gessner,  Jr.,  Toledo,  Ohio. 
Henry  Cyprian  Humphrey,  Lucena,  Tayabas  ProYince, 

Philippine  Islands. 
Frank  Pape  McKibben,  Boston,  Mass. 

The  election  of  the  following  candidates,  by  the  Board  of  Direc- 
tion: 

As  Juniors. 

On  September  5th,  1905. 

John  Earl  Cunningham,  Chicago,  111.  , 

Charles  Harold  Splitstone,  Allegheny,  Pa. 
Gordon  Saxton  Thompson,  Troy,  N.  Y.     ' 

On  October  3d,  1905. 

William  Burton,  Cody,  Wyo. 

Clinton  Hervey  Crooks,  Fairmont,  W.  Va. 

Edward  Crow,  Lyttelton,  New  Zealand. 

Bobert  Louis  Eeimann-Hansen,  Cumberland,  Md. 

Joseph  Shema,  Baltimore,  Md. 

Paul  Bertram  Tallman,  East  Orange,  "N.  J. 

Eugene  Adams  Yates,  New  York  City. 

Adjourned. 


472  MINUTES   OF    MBBTIN08.  [Sudelj 

October  iSth,  1905. — The  meeting  was  called  to  order  at  8:30 
p.  M.;  President  Schneider  in  the  chair;  Chas.  Warren  Hiinx,  Sec- 
retary ;  and  present,  also,  90  members  and  21  guests. 

A  paper,  entitled  "An  Example  of  the  Legitimate  Use  of  Water 
for  Domestic  Purposes,"  by  K.  F.  Cooper,  Jun.  Am,  Soc.  C.  E.,  wss 
presented  by  the  Secretary,  and  discussed  by  Messrs.  F.  W.  Dal- 
rymple,  G.  W.  Christian,  M.  R.  Sherrerd,  Alexander  Potter,  James 
Owen  and  V.  H.  Hewes. 

The  Secretary  announced  the  following  deaths: 

Nathan  Hollis  Whittek,  elected  Member  June  7th,  1876;  died 
August  23d,  1905. 

Van  DusEif  Hite-Smith,  elected  Associate  Member  April  3d, 
1901;  died  August  27th,  1905. 

Sutherland  Mallet  Prevost,  elected  Member  January  6th,  1875; 
died  September  30th,  1905. 

George  Willum  Catt^  elected  Member  September  7th,  1892; 
died  October  8th,  1905. 

• 

Adjourned. 


OP  THE  BOARD  OF  DIRECTION. 

(Abstract.) 

October  3d,  1905—- President  Schneider  in  the  chair;  Chas. 
Warren  Hunt,  Secretary;  and  present,  also,  Messrs.  Bissell,  Bow- 
man, Davison,  Ellis,  Gowen,  Knap,  N.  P.  Lewis,  Noble,  Sherrerd 
and  Webster. 

Action  was  taken  in  regard  to  members  in  arrears  for  dues. 

Eichard  L.  Humphrey,  M.  Am.  Soc  C.  E.,  was  appointed  an 
additional  member  of  the  Special  Conmiittee  to  report  on  Concrete 
and  Reinforced  Concrete. 

Past-Presidents  O.  Chanute  and  Robert  Moore  were  appointed  to 
represent  the  Society  at  the  installation  of  the  President  of  the 
University  of  Illinois,  October  17th-19th,  1905. 

The  Secretary  was  directed  to  address  a  letter  to  all  engineerinir 
societies,  both  in  this  country  and  abroad,  stating  that  this  Society 
would  be  glad  to  welcome  any  of  their  members  to  the  use  of  this 
House  and  Library,  and  to  any  of  its  regular  meetings. 

Applications  were  considered,  and  other  routine  business  trans- 
acted. 

Five  Associate  Members  were  transferred  to  the  grade  of  Mem- 
ber, and  seven  candidates  for  Junior  were  elected. 

Adjourned. 
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ANNOUNCEMENTS. 

The  House  of  the  Society  Is  open  from  9  A.  M.  to  10  P.  M. 
every  day,  except  Sundays,  Fourth  of  July,  Thanksgiving  Day  and 
Clirlstnias  Day. 

MEETINQS. 

Wednesday,  November  ist,  1905* --S. 30  p.  m.— A  regular  business 
meetiiig  will  be  held.  Ballots  for  membership  will  be  canvassed, 
and  a  paper  entitled  'The  Theory  of  Frameworks  with  Eectangular 
Panels,  and  its  Application  to  Buildings  which  have  to  Kesist  Wind," 
by  Ernst  F.  Jonson,  Assoc.  M.  Am.  Soc.  C.  £.,  will  be  presented  for 
discussion. 

This  paper  was  printed  in  Proceedings  for  September,  1906. 

Wednesday,  November  15th,  1905. — 8.30  p.  m. — At  this  meeting 
a  paper  entitled  "The  Ferry  Bridge  Across  the  Ship  Canal  at 
Duluth,  Minnesota,"  by  C.  A.  P.  Turner,  M.  Am.  Soc.  C.  E.,  will 
be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

Wednesday,  December  6th,  1905. — 8.30  p.  m. — A  regular  busi- 
ness meeting  will  be  held.  Ballots  for  membership  will  be  can- 
vassed, and  a  paper,  entitled  "A  New  Graving  Dock  at  Nagasaki, 
Japan,"  by  Naoji  Shiraishi,  M.  Am.  Soc.  C.  E.,  will  be  presented 
for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

PRIVILEGES  OF  LOCAL  SOCIETIES  EXTENDED  TO  MEMBERS 
OP  THE  AMERICAN  SOCIETY  OF  CIVIL  ENGINEERS. 

The  Boston  Society  of  Civil  Engineers  will  welcome  any  member 
of  the  American  Society  of  Civil  Engineers  at  its  library  and  reading 
ro6m,  715  Tremont  Temple,  Boston,  which  is  open  on  week  days 
from  9  A.  M.  to  5  p.  m.  Members  will  also  be  welcome  at  the  meet- 
ings, which  are  held  in  the  same  building,  on  the  evenings  of  the 
fourth  Wednesday  in  January,  and  the  third  Wednesdays  of  other 
months,  except  July  and  August. 

The  rooms  of  The  St.  Louis  Engineers'  Club  are  in  the  business 
center  of  St.  Louis,  and  visiting  engineers  are  cordially  invited  to  - 
use  them  for  mail,  telephone  service,  information,  etc. 

The  courtesies  of  The  Engineers'  Society  of  Western  Pennsylvania 
have  been  extended  to  members  of  the  American  Society  of  Civil 
Engineers.  The  rooms  of  the  Society;  410  Penn  Ave.,  Pittsburg, 
Pa.;  are  open  at  all  times,  and  meetings  are  held  as  follows,  except 
during  July  and  August.  Requlab  Section,  Third  Tuesdays; 
Chemical    Section,    Thursdays    following    third    Tuesdays;    AIk- 
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oHANioAL  Section,  First  Tuesdays;  Struotural  Section,  Fouiih 
Tuesdays. 

The  Western  Society  of  Engineers,  Monadnock  Block,  Chicago, 
HI.,  tenders  to  members  of  this  Society  the  use  of  its  rooms  and 
facilities,  together  with  the  good  offices  of  its  Secretary  and  of  a 
special  Committee  appointed  for  that  purpose. 

The  Civil  Engineers'  Clnb  of  Cleveland,  Ohio,  invites  membere  of 
this  Society  to  make  use  of  the  Club  rooms,  at  any  time  when  in 
Cleveland.  Cards  will  be  furnished  on  application  to  the  Secretaiy, 
Mr.  J.  C.  Beardsley. 

The  Engineers'  dub  of  Central  Pennsylvania  has  established  new 
quarters  at  the  comer  of  Second  and  Walnut  Streets,  Harrisburg, 
Pa.,  and  desires  to  extend  the  courtesies  of  the  Club  to  visiting:  mem- 
bers of  the  American  Society  of  Civil  Engineers. 

The  Engineers'  and  Architects'  Club  of  Lonlavillev  Ky^t 
cordially  invites  members  of  the  American  Society  of  Civil  En- 
gineers, visiting  Louisville,  to  make  use  of  its  library  and  rooms, 
303  Norton  Building,  Fourth  and  Jefferson  Streets.  The  rooms  are 
open  week  days  during  business  hours. 

The  Engineers'  Club  of  Philadelphia  invites  members  of  the 
American  Society  of  Civil  Engineers  to  make  use  of  the  Club 
rooms,  1122  Girard  Street,  at  any  time  when  in  Philadelphia. 

SEARCHES  IN  THE  LIBRARY. 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  upon  request,  and  to  charge  therefor  the  actual  cost 
to  the  Society  for  the  extra  work  required.  Since  that  time  many 
such  searches  have  been  made,  and  bibliographies  and  other  infor- 
mation on  special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  f:Qe- 
quently,  and  leaves  little  doubt  that,  if  it  were  generally  known  to 
the  membership  that  such  work  would  be  undertaken,  many  would 
avail  themselves  of  it. 

The  cost  is  trifling,  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be 
performed  quite  as  well,  and  much  more  quickly,  by  persons  familiar 
with  the  Library. 

Copies  of  all  lists  of  references  are  filed,  so  that  in  many  cases 
it  is  only  necessary  to  make  a  typewritten  copy,  which  reduces  the 
cost  of  searches  to  a  minimum. 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involv- 
ing search  through  periodical  literature,  is  desired. 
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LIST  OP  NOMINEES  FOR  THE  OFFICES  TO  BE  FILLED  AT  THE 
ANNUAL  ELECTION,  JANUARY  lyth,  1906. 

The  following  list  of  nominees  for  the  offices  to  he  filled  at  the 
Annual  Meeting,  January  17th,  1906,  received  from  the  Nominating 
Committee,  was  presented  to  the  Board  of  Direction  at  its  meeting 
on  October  dd,  1906.  The  list  has  already  been  mailed  to  all  Cor- 
porate Members. 

For  President,  to  serve  one  year: 

Frederic  P.  Stearns,  Boston,  Mass. 

For  Vice-Presidents,  to  serve  two  years: 

Onward  Bates^  Chicago,  111. 

Bernard  R.  Oreen^  Washingrton,  D.  C. 

For  Treasurer,  to  serve  one  year: 
Joseph  M.  Knap,  New  York  City. 

For  Directors,  to  serve  three  years: 

»  J.  Waldo  Smith,  New  York  City,  representing  District  No.  1. 
George  Gibbs,  New  York  City,  representing  District  No.  1. 
Emil  Swensson,  Pittsburg,  Pa.,  representing  District  No.  4. 
James  M.  Johnson,  Louisville,  Ky.,  representing  District  No.  6. 
Wynkoop  Ejersted,  Kansas  City,  Mo.,  representing  District  No.  6. 
William  B.  Storey^  Jr.,  Topeka,  Kans.,  representing  District  No.  7. 

LOCAL  ASSOCIATIONS  OP  MBMBBRS  OF  THE  AMERICAN 

SOCIETY  OF  CIVIL  ENGINEERS. 

Memphis,  Tenn. 

The  Memphis  Association  of  Members  of  the  American  Society 
of  Civil  Engineers  was  organized  at  a  meeting  held  October  10th, 
1905. 

The  Constitution  and  By-Laws  suggested  by  the  Board  of  Direc- 
tion of  the  American  Society  of  Civil  Engineers  were  adopted. 

The  following  officers  were  elected,  to  hold  office  until  the  third 
Wednesday  of  December,  1906 : 

President   Arthur  Hioer, 

First  Vice-President C.  H.  West, 

Second  Vice-President  Justin  Burns, 

Secretary    A.  L.  Dabney, 

Treasurer  F.  H.  Hillard. 

The  Association  will  hold  regular  meetings,  at  8  p.  m.,  on  the 
second  Tuesday  of  each  month,  at  its  rooms.  No.  43  J  Madison  Street, 
Memphis,  Tenn.,  which  is  the  time  and  place  of  the  meeting  of  the 
Memphis  Engineering  Society. 
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ACCESSIONS  TO  THB  LIBRARY. 

From  September  13th  to  October  10th,  1905. 

DONATIONS.'^ 

MECHANICS  OP  MATERIALS. 

By  Mansfield  Merriman,  M.  Am.  See.  C.  E.  Tenth  Edition,  Re- 
written and  Enlarged.  Cloth,  9x6  in.,  11  +  607  pp.,  illus.  New 
York,  John  Wiley  &  Sons,  1906.    $6. 

The  preface  states,  that.  In  this  new  edition.  It  was  found  necessarr  to 
reset  and  rewrite  the  book,  and  the  author  has  endeavored  to  keep  the  facts  of 
experiment  and  practice  constantly  in  view.  The  same  general  plan  of  treat- 
ment has  been  followed  as  before,  but  the  subdivisions  are  somewhat  different, 
and  the  fifteen  chapters  of  the  last  edition  have  been  increased  to  nineteen.  A 
statement  of  average  values  of  the  principal  materials  of  engineering  is  gtrea. 
To  exemplify  the  formulas  and  methods,  manv  numerical  examples  are  given  in 
the  text,  these  generally  relating  to  cases  that  arise  in  practice,  and  one  or 
more  problems  at  the  end  of  each  article.  It  is  stated  that  most  of  the  topics  of 
the  last  edition  have  been  treated  in  a  fuller  manner.  The  sublects  of  impact 
on  bars  and  beams,  resilience  and  work,  and  apparent  and  true  stresses  have 
been  much  changed  in  order  to  make  tbB  presentation  more  clear  and  accurate. 
Among  many  new  topics  Introduced  are  those  of  economic  sections  for  beams ; 
moving  loads  on  beams;  constrained  beams  with  supports  on  different  levels; 
the  torsion  of  rectangular  bars ;  compound  columns  and  beams ;  reinforced-con- 
crete  beams ;  plates  under  concentrated  loads ;  internal  friction ;  rules  for  test- 
ing materials ;  and  elastic  electric  analogies.    There  is  an  Index  of  nine  pages. 

RESTRICTIVE  RAILWAY  LEGISLATION. 

By  Henry  S.  Haines,  M.  Am.  Soc.  C.  E.  Cloth,  8x6  in.,  355 
pp.  New  York,  The  Macmillan  Company,  1905.  $1.25  net.  (Do- 
nated by  the  author.) 

This  work  contains  the  substance  of  a  course  of  twelve  lectures  delivered  in 
April  and  May,  1905.  at  the  Boston  University  School  of  Law,  the  aim  of  the 
author  being  to  present  the  manner  in  which  legislation  and  Judicial  decisions 
have  affected  the  operations  of  railway  corporations  in  their  relations  to  the 
public.  The  contents  are :  Introduction  ;  Railroad  Corporations ;  Railroad  Fi- 
nance ;  Railroad  Construction ;  Railroad  Operation ;  Railroad  Traffic :  Rate- 
Making  ;  Regulation  of  Rates ;  State  Railroad  Commissions :  Pending  Legisla- 
tion Affecting  Interstate  Commerce ;  State  Control  of  Corporations  Engaged  in 
Public  Service ;  Conclusions.    There  is  an  index  of  nine  pages. 

THE  STATICALLY-INDETERMINATE  STRESSES  IN  FRAMES  COMMONLY  USED 
FOR  BRIDQES. 

By  Isami  Hiroi.  Cloth,  8x6  in.,  9  +  I'^^r  pp.  New  York,  D. 
Van  Nostrand  Company,  1906.    $2. 

The  preface  states  that  the  present  work  is  the  outgrowth  of  a  series  of 
lectures  given  to  the  students  of  Civil  Engineering  in  the  Tokyo  Imperial  Uni- 
versity. It  contains  solutions  of  those  problems  most  commonly  met  in  the 
firactice  of  a  bridge  engineer,  the  aim  of  the  author  being  to  save  the  time  and 
abor  of  those  intent  on  a  more  rational  design  for  the  class  of  structures  treated, 
than  is  commonly  followed,  by  furnishing  the  necessary  formulas  for  which  rough 
approximation,  or  even  guess-work,  frequently  forms  a  substitute.  The  contents 
are:  General  Principles;  Trussed  Beams;  Viaduct  Bents;  Continuous  Girders; 
Arches  with  Two  Hinges ;  Arches  without  Hinges ;  Suspension  Bridges ;  Trusses 
with  Redundant  Members ;  Secondary  Stresses  due  to  Rigidity  of  Joints. 

HANDBOOK  OF  COST  DATA  FOR  CONTRACTORS  AND  ENGINEERS; 

A  Reference  Book  Giving  Methods  of  Construction  and  Actual 
Costs  of  Materials  and  Labor  on  Numerous  Engineering  Works. 

*Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the 
publishers. 
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By  Halbert  P.  Gillette,  M.  Am.  Soc.  C.  E.  Leather,  6x4  in.,  12 
+  610  pp.  New  York,  Myron  C.  Clark,  1906.  $4.  (Donated  by 
the  author.) 

The  preface  Btatee  that  this  book  differs  from  "price  books"  written  for 
bouse  builders — ^books  on  prices  of  materials  and  contract  prices — aside 
from  the  fact  that  it  covers  the  whole  field  of  civil  engineering,  in  that  it 
is  a  book  in  which  co§t8  are  analysed  and  discussed.  The  author  aims  to 
distinguish  between  the  term  cost  and  the  term  price.  Although  itemized 
cost  data  occupy  many  scores  of  pages  in  this  book,  there  are  many  more  scores 
of  pages  devoted  to  descriptions  of  how  the  work  was  done,  the  organisation  of 
the  forces,  and  the  machines  used,  the  figures,  in  all  cases,  being  from  actual 
records.  An  attempt  is  made  in  the  first  part  of  the  book  to  outline  some  of  the 
best  systems  of  cost  keeping.  The  Contents  are :  Cost  Keeping,  Preparing  Esti- 
mates, Organisation  of  Forces,  etc. ;  Cost  of  Earth  Excavation :  Cost  of  Rock 
Excavation,  Quarrying  and  Crushing ;  Cost  of  Roads,  Pavements.  Walks,  etc. ; 
Cost  of  Stone  Masonry ;  Cost  of  Concrete  Construction  of  all  Kinds ;  Cost  of 
'Water  Works;  Cost  of  Sewers,  Vitrified  Conduits  and  Tile  Drains;  Cost  of  Piling, 
Trestling  and  Timber  Work ;  CoBt  of  Erecting  Buildings ;  Cost  of  Steam  and 
Electric  Railways;  Cost  of  Bridge  Erection  and  Painting;  Cost  of  Railway  and 
Topographic  Surveys;  Cost  of  Miscellaneous  Structures.  An  index  is  contained 
in  six  pages. 

PROCBBDINOS  OP  THB  INCORPORATED  ASSOCIATION  OP  MUNICIPAL  AND 
COUNTY  ENOINBBRS. 

Vol.  XXX,  1903-04.    Edited  by  Thomas  Cole.    Cloth,  9x6  in., 
illus.,  60  +  674  pp.    New  York,  Spon  &  Chamberlain,  1905. 

This  volume  contains  the  following  papers,  with  discussion:  Municipal 
Works  of  Wldnes,  by  J.  S.  Sinclair ;  Oas  and  Water  Undertakings  of  Widnes, 
by  I.  Carr ;  Transporter  Bridge  over  the  Mersey  at  Widnes,  by  J.  J.  Webster ; 
Municipal  Works  of  Runcorn,  by  J.  Wilding;  Twenty  Years  of  Municipal  En- 
gineering Work  in  Aberdeen,  by  W.  Dyack ;  Notes  on  Aberdeen  Waterworks,  by 
J.  Oordon ;  the  Aberdeen  Electric  Cable  Subway  and  High-Level  Sewer,  by 
O.  R.  O.  Conway ;  Tramway  Construction  in  Aberdeen,  by  J.  T.  Anderson ;  The 
Water  Supply  of  Hastings,  by  P.  H.  Palmer ;  East  Hill  Water-Balance  Passenger 
Lift,  by  P.  H.  Palmer ;  The  New  By-Laws  Made  by  London  County  Council  in  Re- 
gard to  Depositing  Drainage  Plans,  by  W.  Weaver ;  Municipal  Works  of  Oreat 
Grimsby,  by  H.  O.  Whyatt ;  Great  Grimsby  Electricity  Works,  by  W.  A.  Vignolles ; 
Ventilation  of  Sewers,  by  H.  G.  Whyatt ;  Notes  on  Newcastle-on-Tyne.  by  F.  J. 
Edge ;  Newcastle  Tramways  System,  by  A.  E.  LeRossignol ;  Sewerage  and  Sewage 
Disposal  of  York,  by  A.  Creer ;  Municipal  Works  at  Buxton,  by  W.  H.  Grieves; 
Newport  and  its  Municipal  Works,  by  R.  H.  Haynes;  Newport  Electricity  and 
Tramways  Department,  by  H.  C.  Bishop ;  Newport  Borough  Asylum,  by  A.  J. 
Wood ;  American  Sewer  Design  and  Construction,  by  J.  S.  Hodgson ;  Sewage 
Problem  Solved,  by  W.  D.  Scott- Moncrietr ;  Shrewsbury  Main  Drainage,  by  G.  M. 
Taylor ;  Shone  System  of  Sewer  Ventilation,  by  E.  G.  Mawbey ;  Notes  on  Reser- 
voir Construction,  by  Geo.  Mitchell ;  Isolation  Hospitals,  by  F.  Smythe ;  Clee 
Hill  Basalt,  by  Wm.  Clark ;  Description  of  Automatic  Electrically-Driven  Pump- 
ing Machinery,  by  Messrs.  Taylor.  Sons  and  Santo  Crimp.  There  is  a  general 
classified  index  of  volumes  1  to  30,  with  a  reference  guide  to  index,  all  con- 
tained in  one  hundred  and  forty-five  pages. 


Gifts  have  also  been  received  from  the  following: 


Am.  Academy  of  Arts  and  Scl.    1  pam. 

Am.  Inst,  of  Archts.     1  vol. 

Atchison,  Topeka  A  Santa  Fe  Ry.  Co.   1 

pam. 
Bangor  A  Aroostook  R.  R.  Co.     1  pam. 
Berg,  W.  O.     6  bound  vol.,  20  vol.,  18 

pam. 
Boston.  Mass. — Parks,  Dept.  of.     1  pam. 
Boston  A  Maine  R.  R.  Co.     1  pam. 
Boston  Public  Library.     1  pam. 
Canada  Atlantic  Ry.  Co.     2  pam. 
Castanheira   das   Neves,   J.   da   P.      1 

pam. 
Chicago  A  Alton  Ry.  Co.    1  pam. 
Chicago  A  North  Western  Ry.  Co.     1 

pam. 
Chicago,  Indianapolis  A  Louisville  Ry. 

Co.     2  pam. 
Chicago,  Peoria  A  St.  Louis  Ry.  Co.    3 

pam. 


Chicago.  St.  Paul,  Minneapolis  A  Omaha 

Ry.  Co.     2  pam. 
Chicago  Terminal  Transfer  R.  R.  Co. 

1  pam. 
Cincinnati,  Hamilton  A  Dayton  Ry.  Co. 

1  pam. 
City  Club  of  New  York.     1  bound  vol. 
Cleveland.    Cincinnati.    Chicago    A    St. 

Louis  Ry.  Co.     14  pam. 
Colo. — Agrl.  Exper.  Station.     2  pam. 
Colo.  A  Southern  Ry.  Co.     1  pam. 
Concord  A  Montreal  R.  R.  Co.     2  pam. 
Copper  Range  Consolidated  Co.    1  pam. 
DyckerhofF  A  SOhne.     1  pam. 
Bug.  Standards  Committee.     3  pam. 
Engrs.'   Club  of  New  York.      1  bound 

vol..  1  pam. 
Fish,  J.  C.  L.     1  pam. 
Fort  Worth  A  Denver  City  Ry.  Co.     1 

pam. 
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Georgia  R.  R.  A  Banking  Co.    4  pam. 
Glasgow  ft  South- Western  Ry.  Co.     1 

pam. 
Great  Britain — Patent  Office.    9  vol.,  8 

pam. 
Oul!  A  Ship  Island  R.  R.  Co.     1  pam. 
Hocking  Valley  Ry.  Co.    1  pam. 
Inst,  of  Blec.  Bngrs.     1  pam. 
Inst,  of  Mecb.  Engrs.    1  oound  vol. 
Kdnigliche  Technlscbe  Hochschule.     1 

pam. 
Liverpool  Eng.  Soc.     1  vol. 
Long  Island  R.  R.  Co.    1  pam. 
Louisiana  A  Arkansas  Ry.  Co.     1  pam. 
McGlll  Univ.     1  bound  vol. 
Madras.  India — Public  Works  Dept.     1 

bound  vol. 
Maine  Central  R.  R.  Go.     1  pam. 
Metzenbaum,  M.    1  pam. 
Mexican  Central  Ry.  Co.,  Limited.     1 

pam. 
Minneapolis.    St.    Paul    A    Sault    Ste. 

Marie  Ry.  Co.     1  pam. 
Missouri.  Kansas  A  Texas  Ry,  Co.     1 

pam. 
Mobonk   Lake  Arbitration   Conference. 

1  vol. 
Municipal  Art  Soc.  of  New  York.     1 

bound  vol..  2  pam. 
Municipal  Engrs.   of  the  City  of  New 

York.     1  bound  vol. 
Nashville,  Chattanooga  A  St.  Louis  Ry. 

Co.     1  pam. 
New  England  Cotton  Mfrs.'  Assoc.     1 

bound  vol. 
New  South  Wales — Commr.  of  Ry.     1 

bound  vol. 
New   South   Wales — Govt.   Statistician. 

1  pam. 


New  York  City — ^Bureau  of  BnUdin^. 

1  bound  vol. 
New  York — State  Bngr.  and  Sunr.     I 

vol. 
New  York  City  Beoord,     2  bound  toL 
New  York,  Ontario  A  Western  Ry.  Oo. 

1  pam. 
Nichols.  O.  F.     1  bound  vol. 
Pennink,  J.  M.  K.     1  pam. 
Pontsen,  Ernest.     1  pam. 
Purdue  Univ.     3  vol. 
Readina  Co.     1  pam. 
Reid,  fl.  A.     1  pam. 
St.  Louis  Southwestern  Ry.  Co.    1  pan. 
Scranton  Engrs.'  Club.    1  paaL 
Southern  Ry.  Co.     1  pam. 
Thompson.  R.  A.     1  pam. 
Toledo,  Peoria  A  Weatem  Ry.  Co.    1 

pam. 
U.   S.   Bureau   of   Insular  Affairs.     S 

bound  vol. 
U.  S.  Bureau  of  Labor.     1  vol. 
U.  S.  Bureau  of  Statistics.     1  pam. 
U.  S.   Interstate  Commerce  Comm.     9 

Sam. 
.  Lake  Surv.  Office.    1  map. 
U.  S.  Office  of  Exper.  Stations.  1  bound 

vol. 
U.  S.  War  Dept.    S6  specif..  1  pam. 
U.  S.  Weather  Bureau.    1  bound  vol. 
Univ.  of  Illinois — ^AgrL  Exper.  Statioo. 

1  bound  vol. 
Univ.  of  Kansas  Library.   2  bound  voL. 

6  pam. 
Van  Sandick.  R.  A.     1  pam. 
Western  Australia — ^Dept.  of  Mines.    1 

vol. 


BY  PURCHASE. 

Modem  Refrigerating  Machinery,  its  Construction,  Methods  of 
Working  and  Industrial  Applications ;  A  Guide  for  Engineers  and 
Owners  of  Refrigerating  Plants.  By  Hans  Lorenz.  Authorized 
Translation  from  the  Third  German  Edition  ;  by  Thomas  II.  Pope, 
with  Chapters  on  American  Practice  in  Befrigeration,  Insulation  and 
other  Cooling  ;  by  H.  M.  Haven  and  F.  W.  Dean.  New  York,  John 
Wiley  &  Sons;  London,  Chapman  &  Hall,  Limited,  1905. 

A  History  of  the  Theory  of  Elasticity  and  of  the  Strength  of  Mate- 
rials from  Galilei  to  the  Present  Time.  By  Isaac  Todhunter;  Edited 
and  Completed  by  Karl  Pearson.  3  vols.  Cambridge,  The  Univer- 
sity Press,  1886-1893. 

Forscherarbelten  auf  dem  Qeblete  des  Elsenbetons*  Heft  III. 
Die  Rolle  der  Haftfestigkeit  im  Verbundbalken.  von  Dr.  Fritz  v. 
Emperger.    Berlin,  Wilhelm  Ernst  &  Sohn,  1905. 

Repertorlum  der  Technischen  Joumal-Llteratttr.  Herausgegeben 
im  Kaiserlichen  Patentamt,  Jahrgang  1904.  Berlin,  Carl  Heymanns, 
1905. 

The  Corporation  of  the  City  of  Glasgow  ;  Handbook  on  the  Mu- 
nicipal Enteriiriaes.     Glasgow,  Robert  Anderson,  1904. 
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Commercial  Ecooomy  in  Steam  and  other  Thermal  Power-Plants 

as  Dependent  upon  Physical  Efficiency,  Capital  Charges  and  Working 
Costs.  By  Robert  H.  Smith;  with  Numerous  Diagrams  by  H.  Malcolm 
Hodson.  London,  A.  Constable  &  Co.,  Limited;  Philadelphia,  J.  B. 
Lippincott  Company,  1905. 


SUMMARY  OP  ACCESSIONS. 

September  13th  to  October  10th,  1905. 

Donations  (including  32  duplijcates) 219 

By  purchase 8 

Total 227 
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ADDITIONS. 

Date  of 
lleinbisnhi|i, 

CoMSTOCK,  Chables  Wobthikoton.    Qy.  and  \  Jun.  April    5,  1892 

Min.   Engr.,  213  Boston  Bldg.,  Denver,  t  Assoc.  M.     Feb.     7,  19U0 
Colo )  M.  Sept.    5,  1905 

Cooper,  Hugh  Lincoi^.    Cons.  Engr.,  60  Wall  St.,  New 

York  City, . . . : Sept.    6,  1906 

Davis,  Fbank  Lbslie.     City  Engr.,  818  North  I  St.,  Ta- 

coma,  Wash Sept.    6,  1905 

GoBDON,  Chableb  Edwabd.     U.  S.  Beclamation  Service, 

Lawton,  Okla Sept.    6,  1905 

GuMAEB,  Edwabd  Bennet.    Contr.  Engr.,  27  Glenwood 

Ave.,  Jersey  City,  N.  J Sept.    6,  1905 

'Hughes,  David  Edwabd.    U.  S.  Asst.  Engr.,  San  Pedro, 

Cal Sept.    6,  1905 

O'Bbien,    Joseph    Henby.    Engr.,    Westing-  \ 

house,   Church,  Kerr  &  Co.,  10  Bridge  t  ^®®*^- ^-    ^^^     ^»  ^^^ 
St.,  New  York  City }^'  ^P^*    ^' ^^ 

Bobbh^s,  Samuel  Bostwick.    Engr.,   Beclamation  Serv- 
ice, TJ.  S.  Geological  Survey,  Great  Falls,  Mont Sept.    6,  1905 

BussEiiii,  Samueii  Moobhead.  Supt.,  ToL,  Peoria  &  West. 

By.,  Union  Station,  Peoria,  111 Sept.     6,  1905 

Snydeb,  Fbancis  Edwabd.    Asst.  Engr.,  A.,  T.  &  S.  F. 

By.  System,  Bailway  Exchange  Bldg.,  Chicago,  111..    Sept.    6,  1905 

THOBNiiET,  Julian.    Senior  Asst.  Engr.,  Elec.  ^ 

Development  Co.  of  Ontario,  Ltd.,  Niag-  t  ^^^^'  ^'    ^^'      ^*  ^^^ 
ara  Falls,  Ont.,  Canada )^'  ^P*-     ^»  ^*^ 

Tbipp,    Osgab    Holmes.      Boom    30,    Court  )  Assoc.  M.    Oct.      7, 1896 
House,  Bockland,  Me f  M.  Sept.    5,  1905 

Webb,  DeWitt  Clinton.     Civ.  Engr.,  U.  S.  N.,  5051  Wal- 
ton Ave.,  West  Philadelphia,  Pa Sept.    6.  1905 

Wood,  Alvinus  Bbieb.    Mgr.,  Ore.  &  Southeast.  B.  B. 

Co.,  Cottage  Grove,  Ore Sept.    6,  1905 


ASSOCIATE  MEMBEBS. 

AcKEBMAN,  John  Walteb.     City  Engr.,  Auburn,  N.  Y Sept.    6,  1905 

Aldebman,  Clabence  Edson.  18  Chadwick  St.,  Worces- 
ter, Mass Sept.     6,  1905 

Bieleb,  Alphonsos  Henby.    64  Tenafly  Bd.,  Englewood, 

N.  J June    7,  1905 

Boucheb,  William  James.     Boom  2032,  Park  Bow  Bldg., 

New  York  City Sept.    6,  1905 


Jun.  Oct.     4,  1898 

Assoc.  M.  April    5,  1905 
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Membenhip. 

Bbown,  WiiiiiiAH  Lowe.    Bes.  Engr.,  North  Biver  Div., 

Perm.,  N.  Y.  &  L.  I.  B.  B.  Tunnels,  1  West  34th  St., 

New  York  City Sept.    6,  1905 

GiiAUSEN,  Jacob  GvntenniaIj.    Engr.,  U.  S.  Beolamation 

Service,  Yuma,  Ariz Sept.    6,  1905 

GooDBiDOE,  John  WBSiiET.   Asst.  Engr. ,  Bapid 

Transit  B.  B.  Oommrs.  (5th  Div.),  New 

York  aty  (Bee.,  292  Marlborough  Bd., 

Brooklyn,  N.  Y.) 

Obady,  Ghableb  Benedict.     417  Gregory  Ave.,   West 

Orange,  N.  J Sept.    6,  1905 

Henpebson,  Samtel  Whiij>en.     Chf.  Engr.   and  Gen. 

Mgr.,  The  Animas  Co.,  Durango,  Colo Sept.    6,  1905 

HowABD,    Ebnebt    EiCMAKTJEL.    Asst.  Engr.,  \ 

Waddell  &    Hedrick,  608  New  Nelson  [  •^"^-  ^^^'     3,  1901 

Bldg.,  Kansas  City,  Mo I  Assoc.  .M.     Sept.    6,1905 

McCoy,  Samueij  Alexandeb.    Div.  Engr.,  C,  B.  I.  &  P. 

B.  B.,  Fordyce,  Ark Sept.    6,  1905 

Mees,  Cubtis  Adolph.    Southern  Power  Co.,   Charlotte, 

N.  C Sept.     6,  1905 

NoBBis,  Walter  Henby.    Chf.  Engr.*s  Office,  B.  &  M.  B. 

B.,  North  Station,  Boston,  Mass Sept.    6,  1905 

Owen,  Abthub  Edmttnd.    Asst.  to  Chf.  Engr.,  C.  B.  B.  of 

N.  J.,  Grove  St.,  Montclair,  N.  J May     3,  1905 

Potts,    Clyde.    Civ.    and   San.    Engr.,   1702  ^  Jun.  Dec.     3,1901 

WhitehaU  Bldg.,  New  York  City )  Assoc.  M.     Oct.      4,  1905 

Sawyeb,  Wilbub  Cybus.    Asst.  Engr.,  U.  S.  \ 

Geological  Survey,    Beclamation  Serv-  i  '^^°-  ^^^'     ^»  1^3 

ice,  Pendleton,  Ore )  ^®®^«-  ^'    ^P^-    6,  1905 

Smith,  Geoboe  Edson  Philip.    Prof,  of  Eng.,  )  Jun.  Feb.     3,  1903 

Univ.  of  Arizona,  Tucson,  Ariz f  Assoc.  M.     Sept.    6,  1905 

Stewabt,  John  Tbuesdale.    Paxton,  111 Sept.    6,  1905 

associates. 

May,  Theodobe  Mabtin.     Care,  Fireproof  Bldg.  Co.,  103 

West  42d  St.,  New  York  City Dec.     7,  1904 

Wbenn,  James  Fbancis.    Gen.   Supt.,   Sands  &  Oliver, 

Contrs.,  Suffolk,  Va Sept.    6,  1905 

jitniobs. 

Cunningham,  John  Eabl.  C,  M.  &  St.  P.  B.  B.,  Bail- 
way  Exchange  Bldg.,  Chicago,  lU Sept.     5,  1905 

Deckeb,  Abthub  James.    85  West  10th  Ave.,   Columbus, 

Ohio Sept.    5,  1905 

Lanaoan,  Fbank  Bay.     273  Hamilton  St.,  Albany,  N.  Y. .     Sept.    5,  1905 
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Date  of 


Shaw,  Dayid  Josbph.    362  West  123d  St.,  New  Yorkaty.    AprU    4,  19(& 
SHEiiEY,  HoBACB  Wbbt.    Care,  U.  S.  Geological  Surrey, 

P.  O.  Box  S,  Salt  Lake  aty,  Utah Sept.     5,  190& 

SpiiiTSTONB,  OhabiiBB  Habold.    1024  Eirkpatriok  Ave., 

Allegheny,  Pa Sept.    5,  190S 

Tallman,  Paitij  Bebtbam.    46  Chestnut  St.,  East  Orange, 

N.J Oct.      3,  1905 

Tbiobn,  Thomas  Wii<iiiAM  Bostad.    Bes.  Engr.,  Little 

Bock  &  South.  By.,  Traskwood,  Ark Sept.    5,  190& 

Thompson,  Gobdon  Saxton.    861  Second  Ave.,  Upper 

Troy,  N.  Y Sept.    5.  190& 


REINSTATEMENT. 


Notes,  Habbt  Lincoln.  157  Michigan  Ave.,  Chicago,  111.  BesignatloD 
previously  accepted  by  Board  of  Direction,  reconsidered  and  rein- 
statement  ordered  September  5th,  1905. 


CHANGES  OP  ADDRESS. 

MBMSEBS. 


BuBDBTT,  Fbbdebigk  Andbbson.    Cons.  Engr.,  29  West  34th  St.,  New 
York  aty. 

CATTBLii,  WiiiLiAM  ASHBUBNBB.    Care,  £.  H.  BoUins  &  Sons,  433  Cali- 
fornia St. ,  San  Francisco,  Cal. 

Davison,  Geobob  Stbwabt.    Cons.  Engr.,  814  Frick  Bldg.,  Pittsburg,  Pa. 

Dennis,  William  Fbanelin.    Yice-Pres.,  Binehart  &  Dennis  Co.,  Gen. 
By.  Contrs.,  Colorado  Bldg.,  Washington,  D.  C. 

Deyo,  Solomon  LbFbvbb.    Chf.  Engr.,  Interstate  Tunnel  By.  Co.,  34 
Nassau  St.,  New  York  City. 

DiLLMAN,  Geobob  Lincoln.    (Dillman  &  Hunt),  Union  Trust  Bldg.,  San 
Francisco,  Cal. 

Fbbnstbom,  Hennino.    Care,  The  Tidewater  By.  Co.,  Norfolk,  Va. 

Fitch,  Asa  Betts.    Hollywood,  Cal. 

Fulton,  John  Addison.    1597  Woodward  Ave.,  Detroit,  Mich. 

Going,  Alvah  Setmoub.     Care,  H.  G.  Eelley,  Guaranty  Bldg.,  Minnea- 
polis, Minn. 

Hablow,  James  Haywabd.    Conowingo,  Md. 

Hill,  Geobob.    Cons.  Engr.,  33  Union  Sq.,  West,  New  York  City. 

Hood,  Bichabd  Haden.    299  Broadway,  Boom  1606,  New  York  City. 

JuDSON,  William  Yoobhbes.    Capt.,  Corps  of  Engrs.,  U.  S.  A.,  U.  S. 
Engr.  Office,  Milwaukee,  Wis. 

Eastl,  Alexandeb  Edwabd.    Care,  Met.  Water  Works,  Clinton,  Mass. 

Eellbb,  Chables.    Capt.,  Corps  of  Engrs.,  U.  S.  A.,  U.  S.  Engr.  Office* 
Old  Custom  House,  Detroit,  Mich. 
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Kennedy,  James  Henrt.  Chf.  Engr.,  Vancouver,  Victoria  &  East.  By.  & 
Nav.  Co.,  Midway,  B.  C,  Canada. 

LeBabon,  John  Fbancis.  Cons.  Engr.,  U.  S.  &  Nicaragua  Co.,  Care, 
Senor  Adolf  Diaz,  La  Luz  y  Los  Angeles  Mines,  Blueflelds  (via  Mo- 
bile, Ala.),  Nicaragua. 

IjOOK,  Moses  Jebome.  Engr.  and  Supt.  of  Constr.,  with  McArthur  Bros, 
and  Winston  &  Co.,  Katonah,  N.  Y. 

MiiiLEB,  Frank.  Chf.  Engr.,  Snare  &  Triest  Co.,  143  Liberty  St.,  New 
York  City. 

MooENSEN,  OiiAP  EiNAB.     P.  O.  Box  334,  Glens  Falls,  N.  Y. 

Opdtke,  Stacy  Bbown,  Jb.  Contr.  Engr.,  1931  Broadway,  •  Boom  402, 
New  York  City. 

OsTBUP,  John  Chbistian.  Vice-Pres.  and  Chf.  Engr.,  Am.  Eng.  Co., 
Traction  Bldg.,  Indianapolis,  Ind. 

Pickett,  William  Douglas.    9  Campsee  PL,  Lexington,  Ky. 
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(13)   Sept.  14;   (11)  Sept.  22. 
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E.  M.  F.  wave  Forms.*     E.  A.  Biedermann  and  J.  B.  Sparks. 
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Sept.  23. 

Marine. 

Submarine  Signalling.*     (12)   Sept.  1. 
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before  the  British  Assoc,  for  the  Advancement  of  Science.)      (73)   Sept.  15; 

(12)  Sept.  22. 
The  Action   of  Capped   Armor-Piercing   Shell.*     Eugen   Kodar  v.   Thurn worth. 

(Tr.  from  the  Mitteilungen  aus  dem  Qebiete  dea  Seewesens.)     (13)  Oct.  5. 
La    Corrosion    du    Cuivre    par    TEau   de    Mer    Moyens    de    la    Prevenir.      (33) 

Sept.  23. 
Vibrationserschelnungen    der    Dampfer.     Otto    Schlick.      (48)    Serial    beginning 

Sept.  16. 

Mechanical. 

Some  Notes  on  the  Steam  Turbine.*     Homer  M.  Jaquays.     (5)  Vol.  17.  Pt.  2. 
Electrically  Welded  Screw  Caps  and  Bolts.     (Rept.  of  Com.  on  Science  and  the 

Arts  on  the^ldethod  of  the  Cleveland  Cap  Screw  Co.)      (3)  Sept. 
Mould  Drying.*     (22)   Sept.  1. 
Suggestions   for   Steam   Economy.     William   McKay.      (Paper   read    before  the 

Canadian  Elec.  Assoc.)      (47)  Sept.  2. 
The  New  Winnall  Gas- Works  for  Winchester.*     (66)   Sept.  5. 
Hopkinson's  Valve  Works  at  Huddersfield.*      (11)   Sept.  8. 
The  Liege  Exhibition — Heated-Piston  Engine.*      (12)   Sept.  8. 
Electrically-Driven  Rolling  Mills.*     Ralph  W.  Birkett.     (12)   Sept.  8. 
Testing  Cast  Iron.*     E.  L.  Rhead.     (47)  Serial  beginning  Sept.  9. 
Pig  Iron  for  Foundry  Works.     P.  Munnoch.     (Paper  read  before  the  Cleveland 

Inst,  of  Engrs.)      (47)   Sept.  9. 

*  Illustrated. 
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Mechanical— (Continued ) . 

The  Rateau  Steam  Resezberator  System.*     (27)  Sept.  9. 

The  Classlflcatlon   and  Peculiarities  of  Steam  Turbines.      (14)    Sept.   9;    (62) 

Serial  beginning  Sept.  21. 
Compression  and  Transmission  of  Illuminating  Gas.     E.  A.  Rix.      (Paper  read 

before  the  Pacific  Coast  Gas  Assoc.)      (83)   Sept.  15. 
SOO-Brake-Horse-PoVer  Rowden  Producer  Gas  Engine.*      (11)   Sept.  15. 
The  Strength  of  Laminated  Springs.     H.  E.  Wimperis.     (12)  Sept.  16. 
Utilization  of  Gas  Engines  in  Connection  with  Long  Distance  Electric  Trans- 
mission.    J.  Martin.     (24)  Sept.  18. 
An   Interesting   Scheme   of    (Gas)    Works   Reconstruction   at   Norwich.*      (66) 

Sept.  19. 
The  Dessau  Vertical  Retort.*     J.  Bueb.     (Translation  of  Paper  read  before  the 

German  Continental  Gas  Co.)      (66)  Sept.  26. 
The  New  Plant  of  the  B.  F.   Sturtevant  Company,  Hyde  Park,   Mass.*      (20) 

Sept.  28 ;  (40)  Sept.  29. 
ply  Wheel   Explosions.*     Wm.  H.   Boehm.      (Abstract  of  Article  in  Insurance 

Eng.)      (20)    Sept.  28. 
The  New  Shops  of  the  B.  F.  Sturtevant  Company.*     Howard  S.  Knowlton.     (14) 

Sept.  30. 
Power  Plant  Economy.     (64)   Oct. 

The  Municipal  Central  Power  Station  of  Hanover.  Germany.*     (64)  Oct. 
The  Steam  Turbine.    F.  R.  Low.     (64)  Oct. 
The  Krupp  Works.*     L.  Ramakers.     (41)  Oct. 
Mechanical  Stoking.*     (62)  Oct.  5. 
Du  Systdme  Rateau  pour  I'UtilisaUon  des  Vapeurs  d'Echappement.     H.  Denis. 

(36)  Serial  beginning  June  25. 

Les  Applications  de  la  Vapeur  Surchauffde  aux  Machines.     Ch.  Compdre.     (32) 

Aug. 
.  La  Surchauffe  Appliqu6e  &  la  Machine  h.  Vapeur  d'Eau.*     Francois  Sinigaglia. 

(37)  Aug. 

Machine  a  Vapeur  pour  Laminoir  de  16.000  Chevaux.*     (33)  Aug.  6. 

Moteur  Diesel  de   600   Chevaux,   a  Trois   Cylinders   Installd  &   I'Exposition  de 

Li^ge.*     (33)   Sept.  9. 
Neue   Doppel-T-Reihe   im   Deutschen   Normalprofllbuch   fttr   Walzeisenr*      (50) 

Sept.  1. 
Giesserei-Maschinen  und-  Einrichtungen.*      (50)    Serial  beginning  Sept.  1. 
Bemerkenswerte    Kraftmaschinen    auf    der    Weltausstellung    eu    Liittich    1906.* 

H.  Dubbel.     (48)  Sept.  2. 
Physikalisch-chemlsche    Betrachtungen    fiber    den    Verbrennungsprozess    in    den 

Gasmotoren.*       W.  Nemst.     (48)  Sept.  2. 
Neuere  Universal walzwerke.*     Fr.  Frdlich.     (48)  Sept.  2. 
Versuche  mit  fiberhitztem  Dampf — Bericht  (Iber  die  bisherigen  Arbeiten  In  der 

dampftechnischen    Versuchsanstalt    des    bayerischen    Revisions-Vereins    In 

MQnchen.     Bemer.     (48)  Sept.  2. 
Die  Weltausstellung  in  LUttich  1906 — Die  Werkzeugmaschinen.*     Paul  MOller. 

(48)   Sept.  9. 
Die  Internationale  Automobilausstellung  in  Berlin  vom  4.  bis  19.  Februar,  1905.* 

(53)   Serial  beginning  Sept.  16. 
Beitr&ge  zur  Untersuchung  des  W&rmeverlustes  und  der  W&rmevertellung  bei 

unvollkommener  Verbrennung.     Paul  Fuchs.     (48)  Sept.  16. 
Verschiedene  Beurtellimg  der  Herstellung  von  Falzziegeln.     (80)  Sept.  19. 
Der  Elektrische  Autrieb  von  Reversierwalzwerken.*     Karl  Ilgner.     (53)    Serial 

beginning  Sept.  22. 

Metallurgical. 

The  Elmore  Process  of  Ore  Concentration.     O.  Hall.     (5)  Vol.  17,  Pt.  2. 

The  Alumlno-Thermic  Process  in  the  Manufacture  of  Ingots  or  Castings.*     (22) 

Sept.  1. 
The  Bessemer  v.  The  Open  Hearth  System.     John  Parry.     (22)  Sept.  1. 
Properties  of  Steel.     F.  M.  Thomas.     (Abstract  of  Paper  read  before  the  Birm- 
ingham Metal.  Soc.)      (47)  Sept.  2. 
Effect  of  the  Oxides  of  Carbon  upon  Iron  and  Its  Oxides.     (11)  Serial  beginning 

Sept.  16. 
Open  Hearth  Furnace  Comparisons.  A.  D.  Williams,  Jr.     (20)   Sept.  21. 
The  Huntington-Heberlein    Process    at    Fried richshfltte.     A.   Biernbaum.      (Tr. 

from  the  Zeitschrift  fur  das  Berg-Hutten-  und  Salinenwesen,  im  Preuss, 

Staate.)      (16)   Sept.  23. 
The   Bormettes-Method   of  Lead   and   Copper   Smelting.*     Alfredo   LottL      (16) 

Sept.   30. 
The  Hoho  Process  of  Heating  and  Working  Metals  by  Electricity.  Paul  Hoho. 

(27)  Sept.  30. 
Large  Gate  Valve  for  Low  Pressures.     John  J.  Smith.      (Abstract  of  Paper  in 

Amer.  Machinist.)      (16)   Sept.  30. 
La  M6tallurgie  du  Cuivre  aux  fitats-Unis.     (32)  July. 

*  Illustrated. 
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Metallarfflca]— (ContlniMd). 

Congrto  de  la  M6tallurgle  Tenu  &  Li6ge,  du  24  Juin  au  ler  Juillet,  1906.*     lAon 
Oulllet.     (33)  Serial  begiBniDg  Aug.  6. 

MIMtery. 

Tlie  Latest  12-inch  Breech-Loading  Wire- Wound  Guns.*      (12)   Sept.  8. 
D&8  WafTenwasen  auf  der  Weltausstellung  in  Lttttlch.  1906.*     J.  Castner.     (80) 
Sept.  1. 

Mfnlng. 

Tbe  Coal-Fields  of  Cape  Colony.*  Archibald  Russell.     (59)  Vol.  27,  Pt.  6. 

Application  of  Electricity  to  Mines.     A.  C.  Anderson.     (77)  Sept. 

Usee  of  Electricity  In  Mines.*     Henry  Willock  Ravenshaw,  Assoc.   Mem.   Inst. 

C.  B.     (29)  Serial  beginning  Sept.  1. 
A   High-Speed  Electrically-Driven  Compressor  for  Colliery  Work.*     W.  ReaTell. 

(Abstract  of  Paper  read  before  the  South  Wales  Inst,  of  Bngrs.)      (73) 

Sept.  1. 
Accidental   Breakage  of  Winding  Ropes  in  Mines.     John  Perry.      (Paper  read 

before  the  Briti^  Assoc,  for  the  Advancement  of  Science.)      (12)   Sept.  1; 

(57)   Sept.  22. 
Earth   in  Collieries.     Sydney  F.  Walker.      (Abstract  of  Paper  read  before  the 

Inst,  of  Min.  Bngrs.)      (73)  Sept.  16 :    (22)  Sept.  16. 
L«ead  Mining  in  Southeastern  Missouri.     R.  D.  O.  Johnson.     (16)  Sept.  16. 
Blasting   Coal    in    Bituminous   Mines.*      J.    T.    Beard.      (16)    Serial   beginning 

Sept.  23. 
The  Tniesdale  Breaker  and  Watery.*     (16)   Sept.  30. 
The  Hoisting  Problem.     J.  R.  Thompson.      (Abstract  of  Paper  read  before  the 

Lake  Superior  Mln.  Inst.)      (16)   Oct.  7. 

MlacellaiMous. 

The  Determination  of  Physical  Values.     Clinton   S.   Burns,  M.  Am.   Soc.  C.  B. 

(14)   Sept.  16. 
Die   Erdol^ewlnnung  bei   Wletze    (Prov.    Hannover).*     W.   Kaemmerer.      (48) 

Sept.  23. 

MlllllClfMll. 

The  Use  of  Oil  on  Macadam  Roads  and  Oil -Asphalt  Streets  in  California.  Theo- 
dore F.  White.  (Paner  read  before  the  Am.  Soc.  of  Mun.  Improvements.) 
(13)  Sept.  21:  (60)  Oct. 

The  Organization  and  Conduct  of  the  Brooklyn  Bureau  of  Street  Repairs.  Bdwin 
J.  Fort.  M.  Am.  Soc.  C.  E.  (Paper  read  before  the  Amer.  Soc.  of  Mun.  Im- 
provements.)     (13)   Sept.  28. 

Factors  in  Asphalt  Paving  Construction,  Maintenance  and  Cost.  Andrew  Rose- 
water.  (Paper  read  before  the  League  of  Amer.  Municipalities.)  (14) 
Sept.  30. 

Effect  of  Water  upon  Asphalts.     A.  W.  Dow.     (60)  Oct. 

Bmploi  des  Pav6s  d'Aspbalte  Comprim6  pour  la  Construction  des  Chaussdes.* 
E.  .Masselon.     (36)  July  25. 

Rallrowl. 

Interurban  Electric  Traction  Systems,  A.  C.  versiis  D.  C.  P.  M.  Lincoln.  (5) 
Vol.  17,  Pt.  2. 

Some  Possibilities  of  the  Alternating  Current  Single  Phase  Railway  Motor.  A. 
H.  Armstrong.     (5)  Vol.  17,  Pt.  2. 

Notes  on  Polyphase  Eaulpments  of  Some  European  High  Speed  Electric  Rail- 
ways.*    L.  A.  Herdt.     (5)  Vol.  17,  Pt.  2. 

Grade-Crossing  Problems  in  St.  Louis.     Carl  Gayler.     (1)  July. 

Forces  Due  to  Eccentric  Weights  Attached  to  Rolling  Wheels.  Calvin  M.  Wood- 
ward.    (1)   July. 

The  Slemens-Halske  Power  Signalling  Plant  at  Antwerp  Central  Station:  Bel- 
gian State  Railways.*     (21)   Sept. 

Superheated  Steam  in  Locomotive  Service.*     W.  F.  M.  Goss.      (3)   Sept. 

The'Brotan  Locomotive  Boiler.*  H.  W.  Hanbury.  Assoc.  M.  Inst.  C.  B.  (11) 
Sept.  I. 

Flexible  Firebox  Staybolts  for  Locomotives.*     (47)  Sept.  2. 

Six- Wheel  Coupled  Bogie  Tank  Locomotive  (2-ft.  6^^-in.  Gauge)  for  Egypt.* 
(in   Sept.  8. 

Snowshed  Signals  on  the  Southern  Pacific*  H.  C.  Barnes.  (Discussion  of  Paper 
by  E.  M.  Cutting.)      (40)  Sept.  8. 

Four  Cylinder  Balanced  Compound  Locomotive — Great  Northern  Railway  of 
England.     F.  0.  Coleman.     (40)  Sept.  8. 

*  Illustrated. 
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Railroad— (Contlflued) . 

Four -Cylinder    Compound    Locomotive — New    York    Central    Railroad.       (12) 

Sept.  8. 
Hydrostatic  Testa  of  Locomotive  Boiler.     (18)   Sept.  9. 
Tlie  Berlln-Zossen  High-Speed  Tests  of  1901.     (17)  Sept.  9.       ,,     ^ 
Soxne  Practical  Points  In  the  Double  Tracking  of  Railways.     (13)  Sept.  1»-  ^,^ 
Tl&e   Pennsylvania  R<R.  Tunnel  under  Capitol  Hill,  Washington,  D.  C*      (13) 

Sept.  14. 
Slsnalllng  on  the  Cape  Colony  Railways.     A.  M.  Tippett.     (Abstract  of  Paper 
read   before   the   British   Assoc,    for   the   Advancement   of    Science.)    (73) 
Sept.  16. 
New  Design  for  Armoured  Concrete  Tunnels.*     (12)  Sept.  15. 
Motor  Railway  Coach.*     (12)  Sept.  15. 

Mew  Locomotives:    Natal  Government  Railways.*     (12)   Sept.  15. 
iiSzpress  Locomotives.    A.  A.  H.  Tokeley.     (12)  Sept.  15. 
Royal  Train  for  India.*     (11)  Serial  beginning  Sept.  15. 
Forging  and  Repairing  Locomotive  Motion  Rods.*     S.  Uren.     From  Paper  read 

before  the  National  R.R.  Blacksmiths'  Assoc.)      (15)  Sept.  15. 
Tlie  Chicago  Freight  Terminals  of  the  Chicago  ft  Northwestern.*      (15)    Serial 

beginning  Sept.  15. 
New  Lackawanna  Coal  Piers.*     (40)  Sept.  15. 
New    Type   of   Bavarian   Four-Cylinder   Compound   Locomotives.*      Charles   R. 

Kin«.     (40)  Sept.  Itf. 
Tbe  Treatment  of  the  Ground  Return  in  Railroad  Systems.     Albert  B.  Herrlck. 

(72)  Sept.  15. 
Atlanta   Northern   Railway:    The  First   Single-Phase  Railway   in  the   South.* 

(72)  Sept.  16;   (17)   Sept.  16. 
Tlie  Borinage  (Belgium)  Single-Phase  Railway.*     (17)  Sept.  16. 
Atlanta-Marietta  Single- Phase  Railway.*     (27)  Sept.  16. 
The  Grand  Central  Station  Terminal  Improvements.*      (46)   Sept.  16. 
Rail   Joints.      (Rept.   of   Ck>m.   to  Roadmasters'   and   M.   of   W.  Assoc.)      (18) 

Sept.  16. 
Tandem  Compound  Freight  Locomotive,  N.  P.  Ry.*     (18)  Sept.  16. 
Track  Surface  and  Line.     (Com.  Rept.  to  the  Roadmasters'  and  M.  of  W.  Assoc.) 

(18)   Sept.  16. 
Slide  Valve  va.  Piston  Valve.    L.  S.  Allen.     (From  Paper  read  before  tbe  Travel- 
ing Bngrs.'  Assoc.)      (15)  Sept.  22. 
New  Works  of  the  Louisville  and  Nashville  Railroad.*     (12)  Sept.  22. 
Liehigh  Valley  Ten- Wheel  Locomotive.*     (40)  Sept.  22. 
Ten- Wheel  Passenger  Locomotive,  L.  V.  R.  R.*     (18)  Sept.  23. 
Modern  Track  Construction.     A.  Morrison.     (From  Paper  read  before  the  Road- 
masters' and  M.  of  W.  Assoc.)      (18)  Sept.  23. 
Operation  of  a  Single-Track  Railway  under  the  Automatic  Block  System.     H. 
M.  Waite.     (Abstract  of  Paper  read  before  the  Central  Assoc,  of  Ry.  Offi- 
cers.)     (13)   Sept.  28. 
The  New  Roof  Shield  for  the  Metropolitan  Railway  Tunnel  of  Paris.*     R.  Bon- 

nin.     (13)  Sept.  28. 
Union  Highway  Crossing  Bell.*     (15)  Sept.  29. 
New  Freight  Terminal  at  Cincinnati^  of  the  Cincinnati,  New  Orleans  and  Texas 

Pacific.*     (15)   Sept.  29. 
New  Locomotives  for  Cuba.*     (18)  Sept.  30. 
Bnd  Shocks  in  Car  Service  and  Provision  for  Same  in  Car  Framing.*      (18) 

Sept.  30. 
Recent  Work  on  the  Indiana  Harbor  R.R.*     (14)  Serial  beginning  Sept.  30. 
Under-Contact  Third  Rail  for  the  New  York  Central.*     (25)  Oct. 
New  Concrete  Ties  and  Steel  Ties.*     (13)  Oct.  5. 
Steam  Motor  Cars  on  the  Taff  Vale  Ry.,  England.*     (13)  Oct.  5. 
Sixteen-Wheel  Double  Tank  Locomotive  for  the  Northern  Railway  of  France.* 

(15)  Oct.  6. 
Le  Chemln  de  Fer  £lectrlque  a  Courant  Monophase,  J^ashlngton,  Baltimore  et 

Annapolis.*     A.  Steens.     (36)   June  25. 
Exposition  de  Ll^ge :    Locomotives  a  Marchandlses  et  Deux  Bogies  Moteurs  de 

la  Compagnie  du  Nord.*    R.  Bonnin.     (36)  June  25. 
Note  BUr  un  Appareil  "Avance-Pdtards"  (Brevet  Clajrton  ft  Co.).*     D.  M.  Dupuis. 

(38)  Sept. 
Locomotives  a  rBzposition  de  Saint-Louis.*     (38)   Sept. 
Der  Blsenbeton  im  Eisenbahnwesen.*     (78)  Sept. 

Oewalzte  Stahlrftder  fQr  Elsenbahnwagen.*     (50)   Serial  beginning  Sept.  1. 
Sicherung  und  Befestigung  der  Schienen  auf  Holzschwellen  durch  verdttbelung 
nach   System   Albert   Collet.*      Oeorg   Schwabach.      (53)    Serial   beginning 
Sept.  8. 
Neue  SpezialausfQhrungen  von  Werkzeugmaschinen  fUr  Eisen-  und  Strassenbahn- 

bau.*     Heinr.  Rupprecht.     (82)  Sept.  23. 
Motorwagen  im  Elsenbahnbetriebe.     A.  Heller.     (48)   Serial  beginning  Sept.  28. 
Fortschritte  auf  dem  Geblete  der  Elektrlschen  ZugfSrderung.*     Friedrlch  Eich- 
berg.     (48)   Sept.  23. 

*  Illustrated. 
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Railroad,  Street. 

EInKinea  at  the  Power  Stations,  and  at  the  St.  Louis  Exhibition.*     Alfred  Saxon. 

(75)  Pt.  1,  1905. 
The  Present  Electrical  Equipment  of  the  London  County  Council  Tramways.     J. 

W.  Anson.     (77)  Sept. 
Ekiuipment  of  a  peneratins  Station,  with  Special  Reference  to  the  Chelsea  Station 

of  the  Underground  Electric  Railway.*     Richard  F.  ChafCer.     (77)   Sept. 
Progress  on  the  Battery  Tunnel,  New  York.*     (14)  Sept.  9. 
New    Standard  1905  Cars  of  the  Chicago  City  Railway  Co.*      (72)    Sept.   15; 

(17)  Sept.  16. 
JThe  Walthamstow  Electric  Lighting  and  Tramways  Undertakings.*   (26)  Sept.  15. 
The  Philadelphia  Subway  and  Elevated  Railroad.*      (72)   Sept.  15. 
Power  Equipment  of  the  Philadelphia  Rapid  Transit  Co.*     (72)  Sept.  15. 
Distribution  System  of  the  Philadelphia  Kapld  Transit  Co.*     (72)   Sept.  15. 
Rapid  Transit  In  Great  Cities.     William  Barclay   Parsons,  M.  Am.   Soc.  C.  B. 

(Abstract  of  address  delivered  at  Purdue  Univ.)      (19)  Sept.  16. 
Utilization  of  Gas  Engines  in  Connection  with  Long  Distance  Electric  Transmis- 
sion.    J.  Martin.     (24)   Sept.  18. 
Tramway  Track  Construction.     Joseph  Owen.      (Abstract  of  Paper  read  before 

the  Inc.  Assoc,  of  Mun.  and  County  Engrs.)     (47)  Sept.  23. 
Way  and  Roadway  Matters  in  Philadelphia  (Street  Railways).*     (17)   Sept.  23. 
Department  of  Lines  and  Cables  (in  Philadelphia).*    (17)  Sept.  23. 
Generation  and  Distribution  of  Power  on  the  Philadelphia  Rapid  Transit  System.* 

(17)  Sept.  23. 
Car  Houses,  Repair  Shops  and  Rolling  Stock.*     (17)  Sept.  23. 
The  Subway  and  Elevated  Lines  in  Philadelphia.*      (17)  Sept.  23. 
The  Physical  Analysis  of  an  Electric  Railway  Property.*     Albert  B.   Herrick. 

(17)    Sept.   23. 
New  Fewer  Plant  of  the  Brooklyn  Rapid  Transit  Company.*     (27)  Sept.  23. 
The  Single-Phase  Railway  in  Practical  Operation.*     (27)   Sept.  23. 
New  Westinghouse  Railway  Motor.*      (27)   Sept.  23. 
Power  Plant  Improvements  of  the  Philadelphia  Rapid  Transit  System.*      (14) 

Sept.  23. 
The  New  Williamsburg  Power  Plant  of  the  Brooklyn  Rapid  Transit  Co.*     (14) 

Sept.  23;    (17)   Sept.  23. 
New  Paint   Conditions  Existing  in  the  New  York   Subway.     Maximilian  Toch. 

(Paper  in  Journal  of  the  Soc.  of  Chemical  Industry.)      (14)  Sept.  23. 
An  Emergency  Track  Brake  for  Street  Railways.     F.  P.  Bodler.     (13)  Sept.  28. 
The  Application  of  Gas  Power  to  Electric  Railway  Service.     (14)   Sept.  30. 
The  Power  Distributing  System  of  the  Boston  Elevated  Railway  Company.     C. 

H.  Hile.     (Paper  read  before  the  Amer.  Ry.  Mech.  and  Elec.  Assoc.)      (18) 

Sept.  30;   (17)  Sept.  30. 
Reinforced  Concrete  Shops  and  Car  Houses,  Central  Pennsylvania  Traction  Co., 

Harrisburg.*     Mason  D.  Pratt,  M.  Am.  Soc.  C.  E.     (14)  Sept.  30. 
Notes  on  the  Design  of  Large  Gas  Engines,  with  Special  Reference  to  Railway 

Work.*     Arthur  West.     (Paper  read  before  the  Amer.  St.  Ry.  Assoc.)      (17) 

Sept.  30. 
The  Application  of  Gas  Power  to  Electric  Railway   Service.*      J.   R.   Blbbins. 

(Paper  read  before  the  Amer.  St.  Ry.  Assoc.)      (17)  Sept.  80. 
The  Single-Phase  Railway  System.     Charles  F.  Scott.     (Paper  read  before  the 

Amer.  St.  Ry.  Assoc.)      (17)  Sept.  30. 
Electric  Railway  Equipment.     W.  B.  Potter.     (Paper  read  before  the  Amer.  St 

Ry.  Assoc.)      (17)   Sept.  30.  » 
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THE  FERRY  BRIDGE  ACROSS  THE  SHIP  CANAL 

AT  DULUTH,  MINNESOTA. 


By  C.  a.  p.  Tur>'er,  M.  Am.  Soc.  C.  E. 
To  BE  Presented  November  16th,  1906. 


This  novel  structure  was  designed  to  secure  a  satisfactory  means 
of  transportation  of  street  traffic  across  the  ship  canal,  on  Lake 
Avenue,  Duluth,  to  Minnesota  Point.  This  point  is  the  natural 
breakwater  separating  Lake  Superior  from  the  Harbor  of  Duluth, 
extending  in  a  southeasterly  direction  6§  miles  from  the  Minnesota 
shore,  with  a  width  varying  from  300  to  800  ft.  At  its  outer  end 
it  is  separated  from  Wisconsin  Point  by  the  natural  entry  through 
which  formerly  flowed  all  the  waters  of  the  Nemadji  and  Navajoe 
Rivers,  and  which  was  the  only  means  of  access  to  the  Harbor  of 
Duluth. 

As  no  deep  channel  connected  the  natural  entry  with  the  Harbor 
of  Duluth  in  1870,  the  city  commenced  excavating  a  canal  across 
the  point  i  mile  from  the  mainland.  This  canal  was  250  ft.  wide, 
with  sides  protected  by  timber  cribs.     (Fig.  1.) 

The  6  miles  of  Minnesota  Point  thus  severed  from  the  mainland 
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mating,  and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  9r 
written,  will  be  published  in  a  subsequent  number  of  ProceedinffM.  and.  when 
finally  closed,  the  papers,  with  discussion  in  full,  will  be  published  in  TransacHonM, 


PAPERS,  AM.  SOC.  C.   E. 

OCTOBER,  1905. 

TURNER  ON 

DULUTH  FERRY  BRIOOE. 


Fio.  3  — DitLiiTB  Febut  Budqe.    Towers  and  Firs 
Falbkwobk  Stirtb: 


DULUTH  FERRY   BBIDGR. 


535 


<=«ntinucd  to  be  a  place  of  residence  for  a  small  population  which 
traveled  acroas  the  canal  in  the  open  season  in  rowboats,  and  in 
■\winteT  on  the  ice,  or,  for  a  number  of  years,  on  an  improvised  sus- 
pension bridge,  to  cross  which,  according  to  Mr.  Patton,*  required 
xziore  than  ordinary  courage. 

The  City  of  Duluth,  ever  since  the  cutting  of  the  canal,  has 
looked  with  regret  at  the  large  amount  of  valuable  dock  frontage — 
the  bay  side  of  the  Point — which  it  is  impossible  to  use  through 
lack  of  means  of  access.     For  years  efforts  have  been  made  to  devise 


practical  means  of  transportation  across  the  canal  which  would  pro- 
vide for  the  business  development  of  the  property  on  the  Point  and 
for  the  convenience  of  its  residents  and  the  rapidly  increasing  num- 
ber of  people  of  Duluth  who  are  using  its  beautiful,  wooded  grounds 
for  camping  and  picnicking. 

The  first  attempt  to  provide  a  permanent  crossing  was  made  in 

•Snoinfring  Wnn,  Harcb  ItOtb,  IIKB. 
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1890,  when  the  services  of  A.  P.  Boiler,  M.  Am.  Soc.  O.  E.,  were 
secured  to  prepare  plans  for  the  bridge.  His  report,  submitted  in 
March,  1890,  recommended  a  draw-bridge  with  a  pivot  pier  on  tlie 
south  side  of  the  canal,  and  with  a  clear  span  of  200  ft.  between 
fenders,  the  clearance  above  high  water  being  20  ft 

The  estimated  cost  of  the  design,  exclusive  of  right  of  way  and 
damages,  was  $400000.  These  plans  were  approved  by  the  Qty, 
but,  owing  to  strenuous  opposition  from  steamship  companies,  the 
project  was  abandoned. 

The  next  scheme  was  for  a  tunnel,  and  plans  were  prepared  for 
the  city  by  William  Sooy  Smith,  M.  Am.  Soc.  0.  E.,  with  different 
capacities,  and  estimated  costs  from  $880  000  to  $1 300  000,  figures 
so  large  that  the  city  could  not  imdertake  the  work,  and  agitation 
was  continued  for  some  form  of  bridge. 

In  November,  1891,  a  prize  of  $1000  was  offered  for  the  best 
design  of  a  draw-bridge,*  and  twenty  plans  were  submitted,  among 
others,  a  lift-bridge,  by  J.  A.  L.  Waddell,  M.  Am.  Soc  C.  E.,  wliidi 
was  considered  favorably  by  the  city.  On  submitting  the  matter  to 
the  Board  of  United  States  Engineers,  appointed  to  consider  the  re- 
quest of  the  city  for  permission  to  erect  the  bridge,  approval  was 
refused  for  any  type  of  bridge  submitted  in  this  competition. 

For  the  convenience  of  the  people  living  on  the  Point,  a  free 
rowboat  ferry  was  established,  which  in  1898  was  replaced  by  a 
steam-tug  ferry,  costing  the  city  $9  000  per  year  for  operation.  The 
cost  of  this  service  and  its  unsatisfactory  nature  kept  alive  the 
desire  and  agitation  for  something  better,  but  in  the  meantime  the 
difficulties  had  been  increased  by  the  fact  that  the  United  States 
Government  had  condemned  property  on  both  sides  of  the  canal 
and  widened  the  canal  at  Lake  Avenue  to  350  ft.,  with  concrete 
walls  on  each  side,  making  necessary  a  span  of  nearly  400  ft  for 
any  form  of  bridge  erected  at  this  location. 

In  1889,  Thomas  F.  ]&£ cOilvray,  Assoc.  M.  Am.  Soc  0.  E.,  City 
Engineer  of  Duluth,  suggested  and  prepared  sketches  of  a  structure 
resembling  the  Amodin  Bridge  at  Bouen,  France,  which  aroused 
considerable  interest.  On  the  writer's  suggestion  that  a  girder  con- 
struction of  span  in  place  of  a  suspension  bridge,  and  a  stiff  traveler 
in  place  of  cable  suspenders  for  the  car  would  be  stiffer  and  cheeper, 

*  Engineering  Neios^  October  87th,  1808. 
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he  drew  up  additional  sketches  for  this  construction.  The  idea 
found  leady  acceptance,  and  steps  were  taken  to  overcome  the  many 
difficulties  in  the  way;  for,  in  addition  to  the  former  ohstacles,  the 
city  could  not  finance  the  proposition  without  special  legislation, 
and,  further,  the  permission  of  the  United  States  Government  had 
to  be  obtained,  not  only  to  erect  and  maintain  the  bridge  over  the 
canal,  but  to  occupy  Government  property  with  the  piers. 

The  special  legislation  was  secured,  and  assurances  as  to  over- 
coming  the  other  obstacles  were  obtained,  so  that  in  February,  1901, 
advertisements  were  published  calling  for  bids  for  the  erection  of  a 
bridge  in  accordance  with  the  general  specifications  prepared  by 
Mr.  McGilvray.  On  March  26th,  1901,  only  one  bid,  that  of  the 
American  Bridge  Company,  was  received  on  the  general  plans  for 
a  stifP  girder,  prepared  under  the  direction  of  the  writer,  then  En- 
gineer of  the  Western  Contracting  Department  of  the  American 
Bridge  Company. 

Under  this  proposal  the  city  was  to  pay  $7000  per  year  for 
20  years.  The  city  immediately  applied  to  the  Secretary  of  War 
for  a  permit  to  erect  the  bridge,  but  this  was  not  granted  until 
September  6th,  1901;  and,  in  the  meantime,  the  American  Bridge 
Company  had  withdrawn  its  proposal  A  proposition  was  then  sub- 
mitted by  the  Duluth  Canal  Bridge  Company,  a  corporation  organ- 
ized to  build  the  bridge,  and  a  contract  was  closed  with  the  city. 
These  plans,  in  their  incomplete  state,  have  been  described  by  Mr. 
W.  B,  Patton.*  The  structural  work  was  sublet  to  the  American 
Bridge  Company,  the  steel  was  ordered  from  the  mill,  and  500  tons 
were  delivered  at  the  Minneapolis  plant,  when,  in  June,  1902,  the 
Duluth  Canal  Bridge  Company  failed  to  make  the  first  payment 
provided  for  in  the  contract  with  the  American  Bridge  Company, 
and  the  work  stopped.  The  foundations  had  been  put  in,  but  not 
paid  for,  at  this  time. 

In  May,  1903,  the  City  Council  of  Duluth  passed  a  resolution 
canceling  the  contract  with  the  Duluth  Canal  Bridge  Company, 
and  directing  the  City  Engineer  to  advertise  for  new  proposals. 
The  writer,  in  the  meantime,  had  spent  considerable  time  in  getting 
plans  in  shape  to  secure  propositions  on  an  improved  design. 

*  Engineering  New8^  March  aoth,  1908. 
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The  time  set  for  receiving  bids  was  getting  shorty  and  die 
chances  of  getting  any  responsible  firm  to  submit  a  proposition 
appefured  to  be  more  and  more  remote,  when  the  Modem  Steel 
Structural  Company,  of  Waukesha,  after  rejecting  the  propo- 
sition once,  reconsidered  the  matter  and  ag^reed  to  submit  a  bid 
somewhat  different  from  that  required  by  the  advertisement. 

This  proposal  was  the  only  one,  and  was  accepted  by  the  Council 
subject  to  the  contract  being  held  valid  by  the  Court.  A  test  suit 
was  brought  by  the  city  and  carried  to  the  Supreme  Court»  which 
rendered  a  decision  holding  that,  while  the  city  had  authority  to 
make  a  binding  contract,  the  proposition  of  the  Structural  Comr 
pany,  being  in  the  nature  of  a  counter  proposition  to  that  called  for 
in  the  advertised  specification,  could  not  form  the  basis  of  a  valid 
agreement. 

The  proposal  being  thus  rejected,  the  Structural  Company 
was  not  inclined  to  renew  it,  as  the  terms  of  payment  involved 
completing  the  bridge  and  operating  it  a  month  before  any  payment 
whatever  was  to  be  made  on  the  work. 

The  contractor  was  to  be  held  responsible  for  the  design,  for  the 
satisfactory  execution  of  the  work,  and  for  the  operation  of  the 
bridge,  by  a  surety  bond  equal  to  the  full  amount  of  the  contract,  to 
operate  the  structure  continuously  for  30  days  before  acceptance, 
and  make  good  any  defects  in  the  machinery  developing  in  the 
course  of  the  first  6  months'  operation.  The  total  cost  of  the 
bridge  was  limited  to  $100  000  by  the  enabling  act. 

The  bridge  company  and  the  city  committee  were  so  far  apart 
in  their  views,  after  a  month's  correspondence,  that  the  writer  con- 
cluded he  would  of  necessity  have  to  start  over  again,  and  went  the 
roxmds  of  the  various  manufacturers,  personally  or  by  letter,  and 

■ 

reported  the  results  to  the  city  bridge  committee.  In  the  meantime 
the  Structural  Company  was  gradually  receding  from  its  i>osition, 
while  the  bridge  committee  was  growing  more  disposed  to  meet  it 
half  way;  and,  just  as  the  writer  had  about  induced  another  con- 
cern to  take  up  the  proposition,  the  committee  and  the  Modem 
Steel  Structural  Company  came  to  terms,  and  the  second  concern 
was  advised  by  wire  to  drop  the  matter.  Accordingly,  bids  were 
called  for  on  January  22d,  1904,  and  only  one  bid,  accompanied  by 
the  requisite  check,  was  received,  that  of  the  Modem  Steel  Struc- 
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tural  Company,  on  the  writer's  plans.    This  was  accepted  by  the  city, 
and  work  was  promptly  taken  in  hand. 

The  somewhat  peculiar  and  difficult  conditions  to  be  met  were 
as  follows:  The  canal  points  directly  in  the  teeth  of  the  prevailing 
vrinds  and  most  severe  storms,  of  the  locality,  and  hence  vessels 
-using  it  require  an  absolutely  unimpeded  passageway.  Fig.  1, 
Plate  XGI,  is  a  view  of  the  canal  in  a  storm,  and  gives  a  fair  idea 
of  the  conditions.  Any  structure  designed  to  move  across  the  canal 
should  have  certainty  of  action  and  be  under  complete  control  at 
all  times,  owing  to  the  large  number  of  vessels  arriving  and  de- 
parting; 8  309  vessels,  besides  tugs  and  small  craft,  carrying 
6  852  000  tons  of  freight  and  88  800  passengers,  having  passed  in 
and  out  during  the  season  of  1901.  Any  design  for  spanning  the 
canal  permanently  must  have  a  clear  headroom  of  135  ft.,  as  masts 
126  ft.  high  are  carried  by  some  of  the  vessels. 

The  car  is  required  to  clear  the  side  of  the  canal  when  in  the 
landing,  and,  for  safety  of  operation,  the  method  of  suspension 
should  be  such  as  to  limit  to  a  minimum  the  lateral  swing  of  the 
car  under  the  heaviest  wind. 

The  Amodin  patent  suspended  car  transfer  is  arranged  with  a 
submerged  cable  or  chain  brought  up  to  the  bottom  of  the  car  and 
over  a  wheel.  In  the  Duluth  Bridge  the  ice  and  the  requisite  clear 
channel  for  vessels  would  prevent  the  use  of  such  a  device,  and 
resort  to  a  stiff  traveler  was  the  only  alternative. 

Plate  XCn  is  a  general  view  of  the  structure.  In  order  to 
reduce  the  span  of  the  overhead  truss  to  a  minimum,  the  side  of 
the  tower  facing  the  canal  is  open,  forming  a  huge  portal,  130  ft.  in 
height,  through  which  the  car  runs  into  the  tower,  as  shown  in  the 
photographs.  The  side  posts  forming  this  portal  consist  each  of 
twin  columns,  joined  at  the  top,  and  spread  15  ft.  apart  at  the  base, 
connected  by  suitable  bracing,  and  anchored  down  by  four  2i-in. 
bolts.  Upon  noting  the  width  of  the  braced  post  and  comparing 
the  height  with  the  width  of  the  post,  it  will  be  seen  that  this  ratio 
is  not  far  from  that  common  in  through  bridges,  while  the  fact  that 
the  posts  are  given  a  considerable  batter  and  are  well  anchored  at 
the  base,  places  it  in  a  more  favorable  light  in  considering  its 
efficiency  in  resisting  the  lateral  force  of  the  wind.  The  transverse 
bracing  of  the  rear  pair  of  legs,  however,  is  ample  to  carry  this 
stress  without  counting  the  front  portal. 
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The  desirable  requirements  to  be  met  in  the  design  of  the  trass 
are  evidently  stiffness,  ease  of  erection,  neatness  of  appearance  aixl 
economic  form,  combining  concentric  application  of  the  yertical 
load  to  the  truss,  or  uplift  of  the  traveler  from  wind;  application  of 
the  lateral  force  of  tlie  wind  on  the  traveler  concentrically  with  the 
lateral  bracing,  and  a  rigid  system  of  sway  bracing  to  enable  the 
four  plans  of  bracing,  viz.,  the  two  trusses  and  the  top  and  bottom 
lateral  systems,  to  act  together  in  resisting  the  great  twisting 
moment  of  the  traveler  caused  by  the  wind. 

The  double-system,  Warren  type  of  stiff-riveted  construction 
throughout,  was  selected  as  best  filling  the  above  requirements,  the 
bottom  chord  being  of  box  form,  open  on  the  bottom,  and  carrying 
two  lower  rails  and  two  upper  rails  to  provide  for  uplift. 

Sections  of  the  truss  towers  are  shown  on  the  strain  sheet, 
Plate  XOn.  The  loads  provided  for  are  noted  on  this  sheets  and  it 
remains  only  to  add  that  the  impact  allowance  used  for  live  load 
was  as  follows:  40%  for  chord  members,  60%  for  posts  and  diag- 
onals, and  70%  for  hangers.  The  working  stresses  were  those  giv^i 
in  the  Specification  for  Railroad  Bridges  by  C.  C.  Schneider, 
President,  Am.  Soc.  C.  E.  The  wind  pressure  allowed  for  50  lU 
per  sq.  ft. 

The  further  apart  the  trusses  are  placed  the  less  the  moment 
from  the  traveler  affects  the  truss,  but,  beyond  certain  limits,  the 
greater  the  weight  of  the  bracing;  and  34  ft.  was  decided  to  be  the 
desirable  mean. 

The  load  of  the  traveler  is  practically  a  concentrated  one,  hence 
stiff  web  bracing  capable  of  taking  tension  or  compression  is  evi- 
dently the  economic  type. 

The  arrangement  of  the  tracks  in  the  bottom  chord  secures  con- 
centric application  of  the  load,  both  to  the  truss  and  to  the  bottom 
lateral  system.  The  chord  is  prevented  from  spreading  laterally 
by  cast-steel  yokes,  or  truss  connections  designed  to  act  as  yokes, 
at  approximately  6-ft.  intervals.  From  the  intersection  points  of 
the  web  members  two  stiff  hangers  are  dropped  to  the  chord,  sup- 
porting it  at  13-ft.  intervals. 

While  the  trusses  are  designed  as  simple  trusses,  they  have  an 
additional  factor  of  strength  and  stiffness  due  to  the  rigid  connec- 
tion of  both  chords  to  the  towers,  causing  them  to  act  as  trusses 
restrained  at  the  ends. 
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Temperature  Btreeees  are  provided  for  by  placing  one  tower  on 
ToUera.  As  nnuaual  roller  neat  is  required  under  the  front  legs, 
as  shown  in  detail  in  Fig.  3.  One  pair  of  rollera  extends  from  the 
main  column  to  the  batter  brace,  acting  aa  driving  rollers,  to  inaure 
the  two  nests  under  the  outer  and  inner  booms  of  the  twin  columna 
moving  together. 

Aa  noted  earlier  in  the  paper,  a  stiff  traveler  was  decided  upon, 
to  prevent  an;  lateral  away  of  the  car. 

To  obviate  ahock  te  the  traveler  in  bringing  the  car  into  the 
landing,  the  car  is  suspended  from  the  foot  of  the  traveler  by  short 
linka,  with  pins  at  20-in.  centers.  Further  provision  is  made  at  the 
top  by  a  buffer  block  on  the  traveler  and  a  12  by  16-in.  pneumatic 
cushion  placed  in  each  chord,     (See  Plate  XCIII.) 


At  tlie  bottom,  also,  a  buffer  in  the  shape  of  a  sliding  platform 
is  provided.  Aa  the  car  comes  into  the  landing  it  latches  auto- 
matically to  the  sliding  platform  by  gravity  latehea,  and  is  brought 
to  rest  by  two  15-in.  Eilgore  pneumatic  cushions  and  by  coiled 
springe  behind  the  buffer  platform. 

The  computations  for  these  cushions  were  made  from  the  fol- 
lowing date  from  saw-mill  practice.  The  saw-mill  carriage,  with 
log,  etc,  weighing  about  5  tons,  driven  by  the  steam  piston  at  a 
speed  equal  to  20  miles  per  hour,  has  been  brought  to  rest  by  a 
20-in.  cushion  with  an  18-in.  stroke. 

By  mechanics,  the  kinetic  energy  of  a  moving  body  varies  di- 
rectly as  its  weight  and  the  square  of  its  velocity.  The  resistance 
of  the  cushions  would  vary  as  the  area  or  square  of  the  diameter; 
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hence,  comparing  the  kinetic  energy  of  tlie  saw-nuU  carriage  ani 
the  car,  in  terms  of  tons  and  miles  per  hour  aa  a  unit  of  speed,  witk 
the  relative  cushion  areas  (d')  we  have: 

For  the  Savt-MUl  Carriage: 

Weight,  in  tons,  X  speed,  in  miles  per  hour,  ^  5  X  (20)'  = 
3  000  units  for  the  relative  cushion  area  {<P)  ^  400. 

For  the  Car: 

Weight,  120  tons,  X  maximum  speed,  4  miles,  =  120  X  C*)*  = 
1920  units  of  energy  to  Hie  relative  cushion  area  of  3  X  (IS)*  -h 
2  X  (1^)'  =  "^SS,  or  nearly  twice  the  area  requisite  from  the  dat^ 
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From  this  it  would  appear  that  the  car  might  be  run  into  the 
platform  at  full  speed  without  the  destruction  of  the  cushions,  but 
the  jolt  it  would  give  the  motorman,  in  being  brought  to  rest  in 
so  short  a  space,  would  undoubtedly  insure  the  avoidance  of  such 
an  occurrence  a  second  time.  In  addition  to  the  cushions,  the  car 
must  overcome  the  inertia  of  the  buffer  platform,  and,  as  the  springs 
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for  the  recoil  in  the  Kilgore  cushions  are  designed  only  to  push  out 
iJie  piston  to  its  extreme  position,  without  any  material  external 
resistance,  recoil  springs  are  provided  for  the  platform,  and  these 
aid  in  ahsorbing  the  impact  of  the  car,  though  their  primary  object 
is  to  keep  the  platform  in  its  extreme  position.  The  traveler  pre- 
sents a  novel  problem  in  construction.  It  embodies  an  effort  to 
secure  sufficient  flexibility  in  the  upper  frame  to  distribute  the  load 
on  the  trucks  vTith  an  approach  to  uniformity;  to  be  sufficiently 
limber  so  that  the  frame,  by  flexure,  can  absorb  any  impact  in  land- 
ing that  may  be  imparted  to  it  through  the  links  suspending  the 
car,  without  over-straining  the  metal,  combined  with  sufficient 
rigidity  for  the  safe  and  satisfactory  handling  of  the  car. 

To  accomplish  the  approximately  uniform  distribution  of  load 
on  the  trucks,  the  bottom  chord  of  the  top  truss  of  the  traveler  is 
connected  to  the  legs  by  bolts,  the  bolts  passing  through  holes 
slotted  ^  in. 

The  form  of  the  traveler  leg,  as  may  be  seen  on  Plate  XCII, 
will  allow  some  little  bending  longitudinally  without  straining  the 
metal  severely,  owing  to  the  form. 

Transversely,  the  legs  of  the  traveler  are  battered  inward,  and 
the  bracing  is  made  as  light  as  the  wind  pressure  would  admit,  with 
the  view  that  should  the  car  be  struck  by  a  vessel,  through  the 
recklessness  of  the  motorman,  the  traveler  only,  and  not  the  truss 
overhead,  would  be  wrecked.  How  i)erfectly  the  designer  has  solved 
the  problem,  the  operation  of  the  structure  will  shortly  prove. 

The  machinery  is  very  simple,  and  consists  of  a  rope-drive,  the 
drums  being  rotated,  through  suitable  gearing,  by  standard  street 
railway  motors.  The  ropes  are  1-in.  steel  cables,  made  fast  at  the 
extreme  end  of  the  chords  over  the  towers,  carried  in  the  chords 
over  double-grooved  sheaves  on  the  top  of  the  traveler,  and  down  to 
spirally-grooved  drums  on  the  car.  The  drums  are  rotated  by  two 
General  Electric  motors  (G.  E.  67)  of  40  h.  p.  The  rotation  of  the 
drums  winds  the  rope  up  on  one  side  and  pays  it  off  on  the  other. 
Ouide  sheaves  are  provided  on  top  of  the  traveler  to  carry  the  rope 
over  the  trucks,  and,  to  prevent  unreasonable  sag  of  the  rope,  it  is 
supported  at  intervals  of  44  ft.  by  automatic  swing  hangers,  shown 
in  Fig.  4.  The  end  of  the  traveler  is  made  wedge-shaped  to  engage 
the  roller  in  the  end  of  the  swing  hanger  which  is  merely  pushed 
aside  laterally  as  the  traveler  passes. 
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To  guard  against  the  possibility  of  being  stalled  midway  in  the 
channel,  through  stoppage  of  the  current,  two  independent  soiutaeB 
of  supply  are  provided  and  two  independent  trolleys  are  used*  The 
car  is  wired  in  such  a  way  that  the  motorman  need  only  throw  a 
switch  to  change  from  one  power  supply  source  to  the  other. 

The  motors  are  fitted  with  General  Electric  standard  electrie 
brake-shoes  and  discs,  and  their  B-13  controllers  are  used* 

In  place  of  the  usual  feed  wire  and  trolley,  which  might  be 
affected  by  sleet  and  ice,'  the  conductor  designed  by  the  writer  was 
a  4  by  4-in.  angle,  with  the  apex  at  the  top,  and  properly  spliced 
with  a  square-root  angle  and  copper  rivets.  The  special  trolkj 
and  conductor  were  not  used  by  the  company,  as  they  were  some- 
what more  expensive  than  the  common  trolley  and  their  advantages 
were  not  thought  to  be  as  important  as  the  writer  rated  them.  The 
truck  wheels  and  bearing  designed  are  shown  in  Fig.  4.  The  Modem 
Steel  Structural  Company,  however,  has  modified  the  thrust  bear- 
ings, to  save  expense,  and  has  used  a  ball  bearing  in  place  of  short 
cylinder  rolls. 

A  hand-power  drive  is  also  provided,  though  the  expectation  is 
that  it  will  rarely,  if  ever,  be  necessary  to  call  it  into  play,  through 
failure  of  both  sources  of  power.  The  car  has  a  roadway  18  ft 
wide  and  50  ft.  long,  and  is  arranged  with  extra  heavy  stringers  fat 
one  line  of  street  railway  track. 

In  a  structure  of  this  magnitude  it  seemed  proper  to  finish  the 
car  in  a  manner  that  would  make  it  unique,  from  the  architectural, 
as  well  as  from  the  engineering,  standpoint.  The  contractors  took 
this  view  at  first,  and  the  interior  was  designed  by  the  writer  with 
mahog^any  crotch  veneer  panels  and  ornamental  name-plate  panels 
of  composition,  copper  plated.  Owing  to  the  fact  that  it  was  neces- 
sary to  have  a  truss  in  the  cabin  waU  next  to  the  roadway,  the 
treatment  of  that  side  of  the  cabin,  in  this  design,  differed  from  the 
other,  in  that  beveled  plate  mirrors  were  used  in  place  of  windows, 
thus  the  passenger  might  look  down  the  canal  when  seated  at  either 
side  of  the  cabin. 

Unfortunately,  the  slight  increase  in  cost  caused  the  contractois 
to  change  their  ideas,  and  the  finish  adopted  by  them  was  disap- 
I>ointing. 

The  erection  of  the  bridge  involved  unusual  conditions:  Any 
interference  with  navigation  in  the  summer  would  not  be  allowed; 
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in  the  winter  (the  closed  season  of  navigation)  erection  would  be 
very  expensive,  from  the  labor  8tandi>oint,  on  account  of  the  ex- 
treme cold  and  the  exposed  position  of  the  structure,  while  false- 
work, if  placed  in  the  canal,  would  be  in  danger  in  case  the  span 
was  not  swung  before  the  spring  storms  and  the  breaking  up  of 
the  ice. 

For  these  reasons  the  writer  decided  upon  a  cantilever  system  of 
erection,  using  a  single  falsework  bent,  supported  by  the  sea  wall  on 
each  side  of  the  canal  and  braced  back  to  the  steel  towers. 

The  falsework  booms  were  each  made  up  of  three  pieces  of 
12  by  18-in.  Oregon  fir,  with  bracing  of  the  Howe  type,  of  two  pieces 
of  10  by  12-in.  for  the  diagonals  and  two  IJ-in.  round  rods  for  the 
ties  in  each  panel. 

A  steel  cap  and  thrust-block  was  arranged  for  the  top  of  this 
bent,  which  was  bolted  rigidly  to  the  bottom  chord  of  the  trusses. 

Fig.  1,  Plate  XCV,  gives  a  very  fair  idea  of  this  f alsework,  with 
the  traveler  used  above  for  handling  menLbers  as  the  work  was  built 
out.  The  bottom  lateral  system  served  as  track  supports  for  carry- 
ing members  from  the  derrick  at  the  top  of  the  tower  to  a  portion 
under  the  traveler.  The  lowest  section  of  the  towers  was  erected 
with  gin-poles,  the  upper  sections  with  a  stiff-leg  derrick  supported 
by  a  temporary  platform  of  truss  members  utilized  as  falsework. 
When  the  top  section  of  the  tower  was  erected  this  derrick  mast 
and  boom  were  moved  up  and  supported  by  the  16-in.  channel  strut 
connecting  the  front  legs  of  the  tower,  and  in  this  position  it  was 
utiliased  to  erect  the  first  panel  of  the  truss  and  then  the  falsework 
bents,  and  to  raise  material  until  the  span  was  connected  at  the 
center.  These  derricks  then  served  in  taking  down  the  f alsewoik, 
the  derrick  on  the  Duluth  side  being  used  in  erecting  the  traveler 
and  car.  It  will  be  noted  that  the  end  panel  of  the  top  laterals  was 
left  out  until  the  last,  in  order  to  leave  room  for  swinging  the 
boom.  In  the  end  panel  of  the  bottom  bracing  one  of  the  half 
diagonals  was  left  out  until  the  last,  in  order  to  give  clearance  in 
raising  material. 

The  traveler  and  derrick  details  were  worked  out  by  the  Struc- 
tural Company.  The  traveler  was  light,  and  only  about  an  hour 
was  required  to  move  it  from  one  panel  to  the  next  one. 

For  ordinary  cantilever  erection,  the  overhanging  frame  is  con- 
trolled from  two  points  of  support  with  adjustable  wedges;  here 
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there  is  the  interesting  complication  of  a  three-point,  or  three- 
level,  support  from  which  to  adjust  the  ends  in  making  conneetioa 
with  the  two  arms.  Each  of  the  falsework  hents  was  supported  on 
an  adjustable  wedge-shoe.  The  rear  legs  of  the  tower  were  alao 
supported  on  wedge-shoes. 

The  survey  for  the  foundations  was  made  by  Mr.  McOilTray, 
and  reduced  to  measurements  at  60°  fahr.  This  survey  was  checked 
by  the  writer  and  found  to  be  exact.  For  this  reason,  he  was  some- 
what surprised  to  find  the  ends  of  the  top  chord  some  9  in.  too 
close  together,  on  building  out  the  panels  on  each  side  of  the  oenter, 
ready  to  enter  the  center  section  of  the  top  chord.  A  little  com- 
putation indicated  that  this  could  readily  be  accounted  for  by  the 
compression  of  the  timber  falsework,  the  points  coming  to  a  bearing 
as  they  took  the  load;  together  with  the  shrinkage  of  the  timber  as 
it  dried  out;  and  the  deflection  of  the  tower  and  the  overhaogiing 
tnuB. 

As  the  base  for  the  rear-leg  wedge-shoe  was  placed  at  too  hi^^ 
an  elevation  to  secure  the  necessary  rotation  of  the  end  to  enter  the 
center  section,  the  roller  nests  under  the  rear  1^;b  on  the  Duluth 
side  were  run  out  and  the  opening  widened  in  this  way  lOJ  in. 

In  wedging  up  on  the  falsework  and  pulling  down  on  the  rear 
leg  the  men  were  advised  that  the  two  adjustments  must  be  worked 
together.  Overlooking  this,  they  heaved  away  on  the  nuts  of  the 
rear  bolts  until  one  of  the  four  2-in.  round  bolts  was  given  a  con- 
siderable set,  and  another  was  broken.  While  the  front  leg  anchor- 
age was  ample  to  secure  the  span  with  22-ft.  leverage  between  the 
center  of  this  and  the  falsework,  the  1-in.  driving  cables  w»e 
utilized  as  back-stays,  thus  giving  additional  purchase  from  the  top 
of  this  tower  only,  and  the  weakened  anchorage  was  supplemented 
by  two  IJ-in.  round  bolts  set  in  the  pier  and  sulphured  in. 

On  the  south,  or  Minnesota  Point  side,  the  wedges  under  the 
falsework  bent  had  been  driven  in  until  there  was  little,  if  any, 
strain  on  the  rear-leg  bolts,  and  the  foreman  on  that  side,  not  clearly 
comprehending  the  conditions,  was  a  little  dubious  about  the  safety 
of  his  end,  until  he  found  that  the  writer  intended  to  be  aloft  with 
him  while  the  top  chords  were  placed  connecting  the  two  overhang' 
ing  arms.  These  were  entered  without  the  slightest  difficulty.  The 
north  side  being  higher,  the  diagonals  connecting  the  south  top 
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obord  with  the  north  bottom  chord  were  readily  placed  in  position 
and  connection  made.  The  condition  of  the  structure  was  then 
practically  that  of  an  arch  hinged  at  center.  The  bottom  chord 
and  other  members  were  then  placed  in  position  and  it  remained  to 
xaake  the  closing  joint  of  the  bottom  chords  which  was  open  some 
3  in.  The  writer's  idea  was  to  use  a  toggle  of  channels  to  pull  this 
together.  The  company  decided  to  use  the  equivalent  in  a  number 
of  strands  of  i-in.  rope,  attaching  a  fall  to  the  center,  which  latter 
method  was  followed.  It  took  some  time  to  arrange  this,  and  a 
cold  snap  coming  on  increased  the  difficulties  materially,  and  neces- 
sitated further  wedging  up  of  the  falsework  and  moving  the  tower 
over  with  jacks. 

The  bridge  has  been  in  continuous  operation  from  March  10th  to 
the  middle  of  July,  and  reports  state  that  it  has  transferred  daily 
as  many  as  34  000  people,  besides  street  traffic. 

Aside  from  the  difficulty  of  bringing  the  traveler  into  the  land- 
ing without  shock  to  the  frame,  the  problem  of  satisfactory  truck 
bearings  gave  the  designer  the  most  concern.  These  bearings,  for 
structural  reasons,  are  not  large,  and  have  a  projected  area  of  shaft 
of  36  sq.  in.  The  maximum  pressure,  under  the  wind  load  figured, 
is  960  lb.  per  sq.  in.  of  projected  area,  assuming  the  load  to  be  dis- 
tributed uniformly  on  the  bearings  and  between  the  various  trucks, 
which  may  not  be  the  case.  Under  ordinary  conditions  the  working 
pressure  would  be  about  one-third  of  this  amount.  These  bearings 
are  to  take  vertical  loading  or  upward  thrust  under  wind,  and  end 
thrust  in  both  directions,  and  the  design  adopted  by  the  writer  was 
the  Ball  Bearing  Company's  type,  using  eighteen  steel  rolls,  1  in.  in 
diameter,  hardened  and  ground,  and  for  the  thrust  bearing  forty- 
eight  cylinders,  1  in.  in  diameter  and  f  in.  long,  in  a  cage  as  shown. 
The  writer  recommended  that  these  bearings  be  tested  under  a  load 
of  30  tons  at  300  rev.  per  min.,  that  the  test  be  continuous  for 
6  hours,  and  that,  under  this  test,  the  bearings  should  show  no 
appreciable  wear  or  damage.  The  thrust  bearing  was  to  be  tested 
under  the  same  speed  and  at  half  the  load. 

Unfortunately,  the  manufacturers  did  not  choose  to  consider 
the  writer's  recommendations  in  this  particular,  and  modified  the 
design  without  referring  the  details  for  the  writer's  approval  in  the 
following  important  particulars,  as  he  learned  later:    First,  they 
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neglected  to  fasten  the  wheels  to  the  axle  with  the  set-«crew8  de- 
tailed; second,  they  changed  the  thrust  bearing  from  forty-eighx 
cylinders,  1  in.  in  diameter,  to  J-in.  balls;  third,  they  and  the  City 
Engineer  accepted  these  bearings  apparently  without  testing  them. 

as  recommended. 

The  Structural  Company  was  frankly  advised  that  in  trying  to 
save  from  $400  to  $600  on  these  bearings  they  would  be  very  likely 
to  run  into  an  expense  of  as  many  thousands,  in  the  stoppage  of 
the  operation  of  the  bridge  to  renew  them,  and  the  expense  in  con- 
nection therewith;  that,  in  the  writer's  judgment,  the  ball  thrust- 
bearing  was  capable  of  sustaining  the  pressure,  but  that  the  balk 
would  be  likely  to  wear  grooves  in  the  plates,  and  that  he  would 
not  be  willing  to  assume  any  responsibility  therefor. 

About  the  middle  of  July  the  attendant  noted  that  the  flanges 
of  some  of  the  truck  wheels  were  wearing  away  rapidly,  though  the 
traveler  was  still  running  apparently  as  smoothly  as  ever.  The 
writer,  happening  to  be  in  Duluth,  visited  the  Clyde  Iron  Works, 
where  the  bearings  were  being  overhauled,  and  found  the  following 
astonishing  conditions: 

The  Structural  Company  had  economized  by  leaving  out  the 
sixty-four  J  by  2-in.  tap-bolts  which  fastened  the  wheels  to  the  axle; 
considering,  perhaps,  that  railroad  practice  in  merely  forcing  the 
wheel  on  with  hydraulic  pressure  was  a  warrant  for  this  pro- 
cedure in  this  case,  without  stopping  to  consider  the  diflEerence  in 
conditions,  the  former  with  the  bearing  outside  and  the  pressure 
forcing  the  wheel  toward  the  shoulder,  while,  in  this  case,  the  bear- 
ing is  inside  and  the  pressure  tends  to  force  the  wheel  off. 

The  natural  result  was  that,  in  a  number  of  cases,  the  wheels 
were  merely  prevented  from  coming  off  by  the  flanges  grinding 
against  the  upper  and  lower  rails.  The  hardened  plates  for  the 
race-way  against  the  wheel  were  not  fastened,  as  required  in  the 
writer's  details,  and  in  some  cases  this  plate  rotated  about  an  axis 
normal  to  that  of  the  wheel,  became  jammed  in  a  position  out  of 
the  vertical  plane,  and,  when  the  balls  were  jammed  against  it,  it 
was  bent  and  scores  were  ploughed  in  it  by  the  balls,  in  one  case 
xV  in.  deep.  In  one  instance  a  ball  was  crushed,  and  many  of  them 
were  flattened  J  in. 

Evidently,  working  under  such  conditions  is  hardly  a  fair  test 
of  the  bearing  proper,  though  the  conclusion  arrived  at  from  an 
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examination  of  both  the  main  and  thrust  bearings  was  that  neither 
woidd  have  stood  the  test  recommended  and  which  all  the  mantt- 
f acturers  with  whom  the  writer  corresponded  claimed  could  readily 
be  met  in  these  bearings,  were  the  load  even  several  times  greater. 

While  the  difficulty  developed  in  the  trucks  has  caused  an  annoy- 
ing stoppage  of  operation,  it  is  a  matter  which  is  easily  remedied, 
and  is  only  another  of  the  innumerable  examples  in  the  machineiy 
line  where  the  cheapest  job  in  first  cost  is  the  deai^t  in  the  long 
run.  f 

The  writer  is  indebted  to  the  United  States  Engineering  Office, 
Duluth,  Clarence  Coleman,  M.  Am.  Soc.  C.  E.,  Assistant  Engineer, 
for  some  of  the  progress  photographs.  He  also  desires  to  acknowl- 
edge his  indebtedness  to  the  courtesy  of  his  fellow  engineers  for  data 
and  information  regarding  special  i>oints  in  the  preparation  of  the 
design;  Professor  J.  J.  Flather,  M.  E.,  of  the  Minnesota  State 
University;  M.  A.  Beck,  Chief  Engineer,  Pawling  and  Hamisch- 
feger  Company,  Milwaukee;  Mr.  E.  P.  Burch,  E.  E.,  Street  Railway 
Expert;  Mr.  C.  H.  Chalmers,  of  the  Electrical  Machinery  Com- 
pany, Minneapolis;  and  Mr.  E.  L.  Lockwood,  of  the  Union  Iron 
Works,  Minneapolis. 
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Dock  No.  8  of  the  Mitsu  Bishi  Company's  shipyard  at  Nagasaki 
has  lately  been  completed.  The  giant  steamer,  Minnesota,  22  000 
tons,  was  docked  there  just  before  her  return  passage  to  America. 
The  dock  will  be  the  largest  of  the  kind  in  the  East  for  some  time 
to  come.    Its  principal  dimensions  are  as  follows : 

Total  length  from  inside  face  of  outer 

ahipgate  to  head  of  dock 722  ft. 

Width  of  entrance  at  top 96  "  9    in. 

Width  of  entrance  at  bottom 88  "   6     " 

Width  at  top,  dock  proper 121  "   6}   " 

Width  at  bottom,  dock  proper 88  " 

Depth  at  sill,  below  ground  level 89  '^ 

Depth  at  sill,  below  extreme  high  water. .  84  " 

Depth  of  £oor  at  head,  below  ground  level  41  " 
Depth  of  floor  near  entrance,  below  ground 

level    42  ^ 

Height  of  keel  blocks 4  ** 

Non.--Th6ee  paoera  are  issued  before  tbe  date  set  for  presentation  and  dis- 
cussion. Correspondence  Is  Invited  from  those  who  cannot  be  present  at  the 
meeting,  and  may  be  sent  by  mail  to  the  SecreUry.  Discussion,  either  oral  or 
wrtttmi.  wUl  be  published  in  a  subsequent  number  of  Praceedinga,  and,  when 
Anally  closed,  the  papers,  with  discussion  In  full,  will  be  published  In  rroMSOcftons. 
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The  range  of  ordinary  spring  tides  is  about  10  ft.,  so  that  most 
of  the  common  merchant  vessels  plying  in  eastern  watera  can  be 
accommodated  in  the  dock,  even  at  low  tide.  Taking  advantage  of 
high  tide,  the  largest  modem  steamers,  such  as  the  Minnewia,  can 
easily  be  docked,  as  will  be  seen  by  reference  to  the  dimension* 
given. 

The  rapid  progress  in  shipbuilding  has  tended  to  increase  the 
sizes  of  individual  vessels  in  the  West,  but  the  lack  of  docks  of 
corresponding  sizes  in  Oriental  harbors  has  prevented  a  similar 
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growth  in  the  East.  The  Mitsu  Bishi  Company,  in  constructing 
the  No.  3  Dock,  had  this  in  view,  and  wished  to  further  this  object 
rather  than  reap  immediate  benefit,  from  a  business  standpoint. 

The  configuration  of  the  ground  chosen  for  the  site  is  shown  on 
Plate  XCVIl.  The  entrance  was  built  in  deep  water,  but  the  head 
was  cut  in  a  rocky  blu£F.  The  foundation  is  of  andesite  rock,  and 
the  concrete  sub-foundation  and  cut-stone  paving  were  laid  directly 
on  this  firm  base.     Pile  foundation  was  resorted  to  only  for  the 
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right-hand  wing  wall,  where  the  rock  stratum  slopes  down  deep  into 
the  water. 

The  temporary  dam  for  excluding  sea  water  from  the  dock  site 
is  shown  in  plan  on  Plate  XCVII,  and  in  section  by  Fig.  1.  The 
clay  puddle  enclosed  between  two  rows  of  sheet-piles  was  20  ft.  in 
thickness  for  the  lower  main  part,  but  was  reduced  to  12  ft.  near 
the  top. 

The  debris  from  the  rock  cutting  of  the  dock  site  was  thrown 
outside  the  sheet-piles.  The  ground  for  the  dam  was  prepared  first 
by  dredging  the  silt,  with  a  Priestman's  dredger;  a  narrow  trench 
was  cut  in  the  rock  under  water  to  receive  the  main  piles  for  fixing 
the  sheet-piles.  When  the  main  piles  were  set  in  position,  they  were 
£xed  in  the  ground  by  filling  the  trench  with  concrete.  To  prevent 
the  percolation  of  water  at  the  junction  between  the  base  of  the  dam 
and  the  natural  ground,  as  well  as  to  take  precaution  against  the 
sliding  of  the  dam,  a  concrete  mound  about  5  ft.  high  was  built 
under  water,  along  the  inside  row  of  the  main  piles. 

After  removing  the  silt  layer,  the  depth  of  water  near  the  middle 
of  the  dam  was  found  to  be  more  than  50  ft.  at  high  tide,  so  that 
great  care  was  taken,  in  building  this  dam  under  water,  to  make  the 
puddle  clay  impervious  at  this  great  depth  and  correspondingly 
great  water  pressure.  Fortunately,  the  execution  of  the  work  proved 
satisfactory,  after  pumping  out  the  water. 

The  quantity  of  side  cut  and  excavation  was  256  000  cu.  yd. 
The  first  3  or  4  ft.  from  the  surface  was  earth,  but  the  remainder 
was  of  seamy  andesite  rock.  It  was  first  proposed  to  use  rock-drill- 
ing machines,  but  the  cheapness  of  manual  labor,  and  the  con- 
ditions being  such  as  to  permit  of  employing  a  great  number  of 
hands,  induced  the  contractor  to  resort  to  the  old  method  of  drilling 
by  hand.  The  average  cost  per  cubic  yard  was  1  yen,  including 
drilling,  blasting  and  the  subsequent  removal  of  the  debris.  Some 
idea  of  the  method  of  cutting  and  removal  will  be  obtained  from 

Plate  XCIX,  and  reference  thereto  will  be  found  further  on  in  the 
paper. 

For  about  one-third  of  the  total  length  of  the  dock,  near  the 
entrance,  the  side  walls  were  quite  massive,  the  width  at  the  bottom 
being  50%  of  the  height,  but  for  the  remaining  two-thirds  of  the 
length  a  thickness  of  only  4  ft.  of  concrete,  with  2  ft.  of  cut-stone 
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masonry,  was  considered  sufficient  to  line  the  rock  cutting.  In  the 
vicinity  of  the  sill  site,  any  deteriorated  rock  surface  left  after  ex- 
cavation was  carefully  removed,  and  trenches  were  cut  to  receive 
the  concrete  suh-foundation,  so  that  in  some  portions,  just  under 
the  sill,  for  instance,  the  concreting  is  14  ft.  thick.  Por  the  main 
floor,  however,  the  concrete  layer  upon  the  cleaned  rock  surface  is 
only  2  ft.  thick,  upon  which  andesite  cut-stone  paving,  1  ft.  thidc, 
is  laid.  Cut  stones  are  used  only  for  the  facing,  coping  and  st^>- 
ping,  their  backing  being  of  concrete,  so  that,  although  the  dock  is, 
to  all  appearance,  of  cut-stone  masonry,  the  main  portion  of  the 
material  is  concrete.  The  facing  near  the  entrance,  and  the  coping 
and  stepping  are  of  granite,  but  the  other  parts  of  the  masoniy 
lining  are  of  a  cheaper  material,  andesite,  and,  to  a  careless  ob- 
server, the  dock  seems  to  be  granite  throughout. 

The  concrete  used  for  important  parts  was  of  the  following  pro- 
portions: Portland  cement  1,  sand  2,  gravel  4;  but,  for  the  most 
part,  the  concrete  consisted  of:  Portland  cement  1,  puzzolana  1, 
sand  4,  gravel  8. 

Puzzolana,  which  was  conveniently  obtained  from  Goto  Islands 
(off  the  coast  of  Nagasaki),  was  found  to  be  of  considerable  advan- 
tage, both  in  reducing  the  cost  of  construction,  and  in  improving 
the  imperviousness  of  the  concrete.  The  wing  walls  are  of  concrete 
blocks  made  dry,  and  sunk  in  position.  The  proportions  of  the  in- 
gredients for  the  concrete  blocks  were:  Lime  0.25,  puzzolana  1, 
Portland  cement  1,  sand  4,  gravel  8. 

The  pump-house  is  24  by  76  ft,  with  its  floor  27  ft  4J  in.  below 
ground  level,  or  11  ft.  7J  in.  above  the  main  floor  of  the  dock.  The 
sump  is  9  by  62  ft.,  arched  with  bricks,  and  with  its  bottom  22  ft. 
Hi  in.  below  the  pump-house  floor.  The  space  between  the  arch 
and  the  floor  is  one  solid  mass  of  concrete  which  resists  the  upward 
pressure  of  water  by  its  dead  weight.  Four  cast-iron  suction  pipes, 
each  33  in.  in  diameter,  pass  through  this  thick  concrete.  Four 
sets  of  33-in.  centrifugal  pumps,  suitable  for  direct  coupling  to 
electric  motors,  were  supplied  by  Messrs.  Gwinnes,  Limited,  England. 
The  four  pumps,  together,  are  capable  of  discharging  16  000  000  gal. 
from  the  dock  in  3  hours,  when  driven  by  the  motors,  each  giving  out 
180  b.  h.  p.,  at  a  speed  of  230  rev.  per  min.  Under  ordinary  con- 
ditions, three  of  these  pumps  are  used,  the  fourth  being  kept  in  re- 
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serve.  One  9-iiL  pump  for  drainage  pnrpoBes,  and  one  6-in.  charg- 
ing pump,  both  mounted  on  the  same  bed-plate,  are  arranged  to  be 
driven  by  a  belt  from  one  motor. 

Motors  for  the  pumping  plant,  from  Messrs.  Siemens  Brothers, 
are  to  work  on  a  220-volt  continuous  current.  The  current  is  taken, 
by  wiring  encased  in  earthenware  pipes,  laid  underground,  from  the 
power  plant  common -to  all  the  workshops. 

The  gate,  which  is  of  the  ship-caisson  type,  was  designed  and 
built  at  the  company^s  own  shop.  When  out  of  gate,  the  caisson  is 
moored  alongside  the  left-hand  wing  wall,  which,  accordingly,  is 
vertical.  Figs.  1  and  2,  Plate  XCIX,  show  the  work  during  exca- 
vation, the  first  is  a  view  of  the  work  near  the  head,  and  the  second 
near  the  entrance  of  the  dock.  The  working  area  was  wide  enough 
for  drilling  about  twenty  holes  for  blasting  at  one  time.  In  form- 
ing the  steps  to  receive  the  side-wall  lining,  blasting  was  forbidden, 
in  order  to  avoid  loosening  the  remaining  rock  surface.  The  debris 
was  removed  by  baskets  on  shoulders,  and  by  hand-cars  on  light 
rails.  When  the  excavation  had  been  made  to  a  considerable  depth, 
a  portion  of  rock  was  left  at  the  middle  of  the  dock  to  serve  as  an 
incline,  and  a  winding  engine  pulled  the  hand-cars  up  to  the  surface 
of  the  groimd,  as  shown  by  Fig.  1,  Plate  XCIX.  In  this  photograph, 
the  escaping  steam  indicates  the  point  at  which  the  drainage  water 
was  pumped.  In  Fig.  2,  Plate  XCIX,  the  mound  of  broken  stones, 
upon  which  a  group  of  men  is  standing,  is  the  temporary  dam 
erected  to  exclude  the  sea  water  from  the  dock  site.  A  number  of 
women  were  employed  on  this  work.  Plate  CII  shows  the  dock  com- 
pleted, and  a  few  torpedo-boats  docked.  The  common  method  of 
executing  earthwork  in  Japan  is  shown  by  Figs.  1  and  2,  Plate 
XCIX.  It  combines  the  use  of  machines  with  the  old  method  of 
shovels,  picks  and  baskets. 

The  innovation  of  using  modern  excavators,  locomotives,  machine 
drills,  etc.,  may  be  suggested.  No  doubt  the  use  of  machines  be- 
comes economical  when  the  amount  of  work  is  large  enough  to  make 
the  unit  cost  (including  the  machine's  first  cost)  less  than  cheap 
manual  labor;  but,  when  one  considers  the  local  circumstances  of 
the  delay,  the  increased  cost  of  importing  the  machines,  the  time 
required  to  train  men  in  their  proper  use,  and,  further,  the  exceed- 
ingly cheap  labor,  say,  40  or  50  sen  per  day,  and  the  small  amount  of 
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work  to  be  dooe,  there  is  not  always  an  advantage  in  the  use  of 
machines.    This  was  the  case  in  the  excavation  of  this  dock. 

Ever-increasing  knowledge,  however,  as  to  labor-saving  ma- 
chines, the  increase  in  wages,  and  for  larger  undertakings,  will  tend 
to  bring  Japanese  methods  more  in  accord  with  modern  improved 
western  practice. 

The  estimated  cost  of  construction  for  the  dock  proper  at  the 
beginning  of  the  work  was  as  follows: 

Temporary  dam,  together  with  its  removal.  135  000 yen. 

Side  cutting 90  000  *' 

Dock   excavation 120  000  " 

Cut-stone  masonry 335  000  " 

Concreting    263  000  " 

Building  sheds 21 000  " 

Pumping  during  construction 11  000  ** 

Timber  works 22  000  ** 

Puddling  back  of  side  walls 6  000  " 

Tools    25000  " 

Sundries    72  000  " 

Total 1 100  000    " 

The  unit  costs  of  the  principal  items  paid  to  the  contractors  were 
as  follows:  Rock  cutting,  including  its  removal,  1  yen  per  cu.  yd.; 
cut-stone  masonry  (granite),  30  yen  per  cu.  yd.;  concrete,  5  to  8  yon 
per  cu.  yd.,  according  to  the  proportions  of  the  ingredients;  Port- 
land cement,  4J  yen  per  bbl.  Including  the  costs  of  the  wing  walls, 
pumping  station  and  shipgate,  in  addition  to  the  above  items,  the 
construction  cost  amounts  to  less  than  1 400  000  yen,  or  $700  000  in 
American  gold,  which  is  an  economical  sum  for  such  a  dock,  con- 
sidering its  dimensions  and  the  quality  of  the  finished  work. 

Charges  due  to  the  cost  of  land,  electric  power  plant,  traveling 
cranes,  and  other  equipment,  which  should  be  included  in  the  total 
cost,  when  the  dock  is  viewed  in  its  complete  working  condition,  are 
here  left  out  of  consideration,  as  these  accounts  are  not  yet  quite 
settled.  The  work  was  practically  commenced  in  October,  1902,  and 
was  completed  in  March,  1905. 
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SOME  SPECIALTIES  OF  THE  SYSTEM  FOR 

FLUSHING  THE  NEW  SEWERS  OF 

THE  CITY  OF  MEXICO. 

Discussion.* 


By  Alexander  Potter,  Assoc.  M.  Am.  Soc.  C.  E. 


Alexander  Potter,  Assoc.  M.  Am.  Soc.  C.  E.  (by  letter). — Any-  Mr.  Potter, 
one  acquainted  with  the  City  of  Mexico  before  the  installation  of 
the  sewerage  system  will  appreciate  the  great  work  accomplished  by 
Mr.  Gayol  and  what  this  work  means  for  the  health  and  welfare  of 
that  city. 

His  paper  describes  a  method  of  sewer  flushing  which  is  unique, 
but  which,  to  the  average  engineer,  may  seem  to  be  too  expensive 
for  common  use.  The  question,  therefore,  which  first  suggests  it- 
self is :  How  far  is  the  present  excellent  condition  of  the  sewers  of 
the  City  of  Mexico  dependent  upon  this  apparently  expensive  but 
effective  flushing  system! 

Will  the  author  briefly  outline  the  cost  of  this  flushing  system, 
and  the  cost  of  its  maintenance,  and  also  give  a  brief  outline  of 
other  plans  considered  by  him? 

The  writer  would  also  like  to  ask  the  author  if  he  has  made  any 
observations  as  to  what  extent  the  flushing  water  is  augmented  by 
infiltration,  and  how  much  the  ground-water  plane  has  been  lowered 
since  the  system  was  put  into  general  use. 

In  examining  the  open  trenches  in  the  City  of  Mexico,  from 

*  This  discussion  f  of  the  paper  by  Roberto  Ghiyol,  M.  Am.  Soc.  C.  E.,  printed  in  Pro- 
ceedinffstOT  AuKUst,  1906),  is  printed  in  Proceedings  in  order  that  the  Tlews  expressed 
may  be  brought  before  all  members  for  further  discussion. 
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Mr.  Potter,  time  to  time  during  the  construction  of  the  sewers  there,  the  writer 
noted  considerable  water  in  the  trenches.  It  would  be  of  value  to 
know  the  rate  and  amount  of  infiltration  during  the  dry  and  rainj 
seasons,  respectively. 

The  author  states  that,  besides  the  flushing,  the  severs  are 
cleansed  by  hand  at  a  cost  of  $82  per  mile.  Is  this  estimate  in  gold 
or  Mexican  currency?  How  often  is  it  necessary  to  perform  the 
hand-cleansing,  and  is  this  necessary  on  account  of  the  slime  from 
the  sewage,  or  on  account  of  a  growth  of  sewer  fungus  on  the  interior 
walls  of  the  sewers? 

In  some  sewers  running  from  two-tenths  to  three-tenths  full,  the 
theoretical  velocities  for  these  depths  being  from  2J  to  2}  ft.  per  see, 
the  writer  has  found  that  a  year's  growth  of  fungous  is  sufficient  to 
cause  a  decrease  of  20%  in  the  velocity  of  flow  found  in  such  sewera 
when  clean. 

In  having  it  possible  to  discharge  fixed  amounts  of  water  into 
the  upper  ends  of  the  sewers,  Mr.  Gayol  has  a  splendid  opportunity 
of  comparing  actual  observations  with  results  obtained  from  the 
commonly  accepted,  but  more  or  less  theoretical,  formulas  for  sewer 
discharge,  at  various  depths  of  flow,  and  it  is  hoped  that  he  will 
write  a  paper  on  this  subject. 

Many  observations  conducted  by  the  writer  indicate  that  in  pipe 
sewers,  for  depths  of  flow  of  less  than  one-half  the  diameter,  the 
commonly  accepted  formulas  give  results  which  disagree  with  actual 
observations.  For  instance,  observations  on  a  22-in.  pipe,  laid  on  a 
grade  of  0.22%,  with  a  depth  of  flow  of  0.44  ft,  showed  a  velocity 
of  1.44  ft.  per  sec,  as  compared  with  a  theoretical  velocity  of  2.38  ft 
per  sec,  using  n  =  0.013.  After  cleaning  this  sewer  a  velocity  of 
1.79  ft.  per  sec.  was  secured  when  it  was  flowing  at  the  same  depth. 

Observations  on  a  24-in.  pipe,  running  47J%  full,  gave  a  velocity 
of  3.476  ft.  per  sec,  as  compared  with  a  theoretical  velocity  of  3.60  ft 
per  sec,  an  approximate  agreement  between  the  practical  and  the- 
oretical determinations. 
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MEMOIES  OF  DECEASED  MEMBEES. 

Nom^Memoira  wfl]  be  reproduced  In  the  Volumee  of  TratuaetUms.  Any  informa- 
tlon  which  wiU  amplify  the  records  as  here  printed,  or  correct  any  errors,  should  be 
forwarded  to  the  Secretary  prior  to  the  final  publication. 

JOSEPH  NORTON  GREENE,  M.  Am.  Soc.  G.  E.* 


Died  July  26th,  1904. 


Mr.  Greene's  father,  Nathaniel,  emigrated  from  Herkimer  County 
into  the  wilds  of  Western  New  York  in  1818,  and  was  one  of  the 
pioneer  settlers  of  Chautauqua  County,  carving  a  farm  and  home 
out  of  the  forests  near  the  present  Town  of  Mayville,  at  the  head  of 
Chautauqua  Lake,  and  there,  on  January  31st,  1827,  the  subject  of 
this  sketch  first  saw  the  light.  The  family  from  which  he  sprang 
was  one  of  force  and  character,  founded  by  John  Greene,  Surgeon, 
who  emigrated  from  Dorset,  England,  to  Massachusetts  in  1635,  and 
in  1642  followed  Eoger  Williams  to  Khode  Island,  where  he  was  one 
of  the  original  twelve  'purchasers,"  and  a  leading  force  in  that 
colony,  as  were  many  of  his  numerous  descendants  in  succeeding 
years ;  twice  furnishing  governors  of  Khode  Island  and  several  times 
deputy  governors  and  members  of  the  Colonial  and  State  Legisla- 
tures, of  Congress  and  Officers  of  the  Army  and  Navy,  the  most 
noted  of  these  being  General  Nathanael  Greene,  of  the  Continental 
Army. 

The  names  of  several  of  this  family  are  enrolled  as  members  of 
this  Society,  prominent  among  them  being  General  George  Sears 
Oreene,  who  passed  to  the  great  majority  in  1899,  at  the  ripe  age  of 
ninety-eight,  and  his  sons,  George  Sears,  Junior,  and  General  Fran- 
cis Vinton  Greene,  still  in  active  membership. 

Educational  facilities  were  scarce  in  Chautauqua  County  in  the 
first  half  of  the  nineteenth  century,  and  Mr.  Greene  obtained  only 
the  rudiments  afforded  by  the  district  schools,  the  benefit  of  a  short 
year  in  the  Fredonia  Academy,  and  a  year  or  two  in  teaching,  before 
he  began  his  education  as  an  engineer  in  the  'Hjniversity  of  Experi- 
ence," in  1848,  as  a  rodman  on  the  Michigan  Central  Railroad.  The 
following  year  found  him  Assistant  Engineer  on  the  Genesee  Valley 
Canal,  until  December,  when  he  was  appointed  Assistant  Engineer 
by  the  State  Canal  Board,  serving  on  the  State  canal  work  until 
the  middle  of  1861,  when  he  was  employed  as  Kesident  Engineer  on 
the  Erie  Railroad,  serving  there  in  1851-52.  Following  this  came 
successive  employment  on  the  Albany  and  Susquehanna,  the  At- 
lantic and  Great  Western,  the  Northern  Central  and  Missouri  Pacific 
Railroads.    From  1863  to  1867  he  was  engaged  in  mining  and  civil 

*  Memoir  prepared  by  L.  D.  Greene,  Esq. 


^62  MEMOIR   OF   JOSEPH   NORTON   GREENE.  [Memoirs. 

engineering  in  the  Copper  Country  of  Northern  Michigan,  and  from 
1864  to  1867  he  was  Chief  Engineer  of  the  Portage  Lake  and  Lake 
Superior  Ship  Canal,  hegun  by  the  State  of  Michigan,  but  finished 
by  the  United  States  Government. 

From  1876  to  1883  he  was  Chief  Engineer  and  Gfeneral  Manager 
of  the  Grand  Southern  Railway,  of  New  Brunswick,  1883  to  18S5 
Chief  Engineer  of  the  Maine  Shore  Line  Kailway  of  Maine,  and 
from  1886  to  1887  Chief  Engineer  of  the  New  York  and  Boston 
Bapid  Transit  Bailroad.  He  was  elected  a  Member  of  the  American 
Society  of  Civil  Engineers  on  October  6th,  1887. 

From  1887  to  1888  Mr.  Greene  was  the  associate  of  the  late 
William  J.  McAlpine,  Past-President,  Am.  Soc.  C.  E.,  in  designing 
a  proposed  underground  urban  transportation  system  known  as  the 
''Arcade  Railway,"  which  was  intended  to  run  northward  from 
Bowling  Green,  underneath  Broadway,  to  Central  Park,  in  New 
York  City.  The  plans,  estimates  and  full  details  were  thoroughly 
worked  out,  but  these  men  were  a  dozen  years  ahead  of  public 
opinion,  ijiany  objections  were  raised,  and  the  projectors  were  not 
able  to  interest  the  required  capital.  Theirs  was  the  pioneer  work 
of  the  recently  finished  subway. 

Mr.  Greene  spent  most  of  his  time  in  the  next  dozen  years  work- 
ing on  railroad  development  in  Maine.  In  1900  he  was  one  of  the 
Members  who  attended  the  meeting  of  this  Society  in  London,  and 
afterward  he  took  an  extended  trip  on  the  Continent. 

From  1900  to  the  time  of  his  death  Mr.  Greene  was  interested 
in  the  building  of  electric  railways  in  the  country  from  Boston 
northward. 

He  was  taken  ill  on  July  21st  with  dysentery,  from  which  he  was 
recovering  on  the  26th,  when  he  was  seized  with  an  ur«mic  con- 
vulsion and  died  at  10  p.  m.  that  day,  at  the  Quincy  House,  Boston, 
aged  77  years  and  6  months.  His  remains  were  buried  in  the  family 
lot  at  Fredonia,  Chautauqua  County,  New  York. 

Among  his  associates  in  the  profession,  Mr.  Greene  was  noted 
for  his  practical  ability  as  a  constructive  engineer,  and  was  fre- 
quently called  in  consultation  in  such  matters,  and  for  his  persistent 
energy  which  often  triumphed  over  seemingly  insurmountable  ob- 
stacles by  sheer  grit  and  staying  power.  A  strong  friend  and  a 
strenuous  antagonist,  he  commanded  the  respect  even  of  those  op- 
posed to  him. 

On  October  25th,  1862,  Mr.  Greene  married  Ann,  daughter  of 
Daniel  Witherel  and  Hannah  (Fenner)  Douglass,  of  Fredonia,  New 
York.  She  died  in  1857,  leaving  an  infant  son,  now  Captain  Lewis 
Douglass  Greene,  IT.  S.  A.  (retired),  who  was  graduated  from  West 
Point  in  1878.  In  May,  1865,  he  married  Margaret  Lowber,  of 
Medina,  New  York,  by  whom  he  had  a  daughter,  Jessie,  now  Mrs. 
Robert  P.  Comstock,  of  New  York. 
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6E0B6£  ANSON  MARB,  M.  Am.  Soe.  0.  £.« 


Died  March  24th^  1906. 


George  Anson  Marr  was  born  in  Elgin  County,  Ontario,  on  Sep- 
tember 9th,  1837,  and  died  at  Chicago,  Illinois,  on  March  24th,  1905. 

His  father,  John  Saxton  Marr,  and  his  mother,  Eliza  Patton 
Marr,  were  bom  in  Nova  Scotia,  and  moved  to  Ontario  at  an  early 
age.  They  were  among  the  pioneers  of  the  section  where  they 
located.  Mr.  Marr  received  his  early  education  at  the  Coimty 
Schools  of  Elgin  County,  from  which  he  went  to  the  University  of 
Michigan  in  1858.  lie  was  graduated  from  the  University  in  1862 
with  the  degree  of  Bachelor  of  Science,  received  the  degree  of  Civil 
Engineer  from  the  same  institution  in  1863,  and  the  degree  of 
Master  of  Science  in  1867.  After  graduation  he  entered  the  service 
of  the  United  States  as  Assistant  Engineer,  and  remained  in  the 
service  of  the  Government  until  the  date  of  his  death. 

From  1863  until  1877  he  was  connected  with  the  Survey  of  the 
I^orthem  and  Northwestern  Lakes;  after  this  he  was  engaged  on 
surveys  and  investigations  on  the  Missouri  and  Mississippi  Kivers 
until  1891,  when  he  accepted  the  position  of  Superintendent  and 
Assistant  Engineer  in  charge  of  the  U.  S.  Portage  Lake  Ship  Canals, 
which  position  he  held  at  the  time  of  his  death. 

Mr.  Marr  was  married  twice.  He  left  one  child,  Mrs.  Florence 
Marr  Smith,  of  Aylmer,  Ontario.  He  was  a  naturalized  citizen, 
and  was  among  the  foremost  Canadians,  who  by  their  energy,  ability 
and  integrity  have  had  much  to  do  with  making  the  Middle  West 
what  it  is  to-day. 

His  professional  work  was  of  a  high  grade,  always  correct  and 
trustworthy.  Age  or  infirmity  had  not  overtaken  him.  He  was 
active  and  energetic  up  to  his  last  illness.  His  friends  confidently 
expected  many  more  years  of  usefulness  for  him.  His  character 
was  a  lovable  one.  He  was  fearless  yet  considerate,  frank  yet  kind; 
his  integrity  was  always  absolutely  unquestioned.  His  friendship 
was  faithful  and  unfailing.  The  number  of  his  friends  equaled  the 
number  of  his  acquaintances;  all  who  knew  him  loved  him.  By  his 
death  our  Society  has  lost  a  brave,  earnest,  kindly  and  manly  man. 

Mr.  Marr  was  elected  a  Member  of  the  American  Society  of 
Civil  Engineers  on  October  3d,  1883. 

*  Memoir  prepared  by  J.  H.  Darling,  Q.  T.  Wisner  and  E.  8.  Wheeler,  Members,  Am. 
8oc.  C.  E. 
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MINUTES  OF  MEETINGS. 


OF  THE  SOCIETY. 


November  ist,  1905 — The  meeting  was  called  to  order  at  8.40 
p.  M.;  Vice-President  E.  Kuichling  in  the  chair;  Chas.  Warren  Hunt, 
Secretary ;  and  present,  also,  109  members  and  29  guests. 

The  minutes  of  the  meetings  of  October  4th  and  18th,  1906,  were 
approved  as  printed  in  the  Proceedings  for  October,  1905. 

A  paper  by  Ernst  F.  Jonson,  Assoc.  M.  Am.  Soc.  G.  E.,  entitled 
"The  Theory  of  Frameworks  with  Eectangular  Panels,  and  its  Ap- 
plication to  Buildings  which  have  to  Resist  Wind,"  was  presented 
by  the  author,  and  discussed  by  H.  T.  Forchhammer,  Assoc.  M.  Ara- 
Soc.  C.  E.,  and  the  author. 
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Ballots  for  membership  were  canyassed^  and  the  following  oandi* 
dates  elected: 

As  Members. 

Ohables  Abel  Bowman^  Syracuse,  N.  Y. 

Walter  William  Colpitts,  Kansas  City,  Mo. 

Ernest  Payson  Goodrich^  New  York  City. 

Alexander  MgClure  Lupfer,  Spokane,  Wash. 

Paul  Maninqham  Nobboe^  Hanford,  Cal. 

Hastings  FftzEdward  Peet^  Bloemfontein,  South  Africa. 

BoBERT  Dee  Stewart^  Laramie,  Wyo. 

As  Associate  Members. 

John  Lee  Allen,  Chicago,  HI. 

Alexander  Flotd  Armstrong^  Manila,  Philippine  Islands. 

George  Washington  Bond,  Jr.,  Hoboken,  N.  J. 

Oeorgb  BEerbert  Brazer,  Boston,  Mlass. 

Samuel  Coughlin  Brown,  Jersey  City,  N.  J. 

John  Thomas  Burke,  Minidoka,  Idaho. 

Maurice  Charles  Couchot,  San  Francisco,  Cal. 

Wilton  Joseph  Darbow,  New  York  City. 

Herbert  Luther  Dunn,  Hjopedale,  Mass. 

Nelson  Andrew  Eceart,  San  Francisco,  Cal. 

Howell  Tracy  Fisher,  New  York  City. 

Albert  Bertram  Hageb,  New  York  City. 

Sigvald  Johannesson,  New  York  City. 

Isaac  Henry  Kirby,  New  York  City. 

Allsn  Boyer  MgDanebl,  New  York  City. 

CouRTLAND  NixoN,  Chattanooga,  Tenn. 

Harradon  Sterling  Smith,  Wilkes-Barre,  Pa. 

James  Smith,  Coatzacoalcos,  Mexico. 

WHiUFORD  Harry  Terrell,  Greensboro,  N.  C. 

John  Dayid  Twiggs,  Jr.,  Augusta,  Ga. 

Francis  Repetti  Weller,  Washington,  D.  C. 

Benjamin  Franklin  Welton,  New  York  City. 

As  Assocute. 
Charles  Arthur  Holden,  Hanover,  N.  H. 

The  Secretary  announced  the  transfer  of  the  following  candi* 
dates,  by  the  Board  of  Direction,  on  October  Slst,  1905 : 

From  Associate  Member  to  Member. 

Clarence  Morton  Ayres,  Holt,  Ala. 
Jaquelin  Marshall  Braxton,  Key  West,  Fla. 
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GiBOBGE  Hallett  Olabe^  New  York  Oity. 
Fbxdsbigk  Luther  Fobd,  Hartford,  Conn. 
Ohables  Pope  Howard,  CharleBton,  W.  Va. 
Oharles  Lincoln  Keller,  Chicago,  HL 
Walter  Frank  Whittbmors,  Hoboken,  K.  J. 

The  election  of  the  following  candidates,  by  the  Board  of  Direc- 
tion: 

As  Juniors. 
On  October  3d,  1905  : 

Adolph  DeHaas,  Oglethorpe,  Oa. 

Verne  Lb  Eot  Havens,  ScottsblnfP,  Nebr. 

Balph  Bussbll  Tinkham,  Ann  Arbor,  Mich. 

On  October  31st,  1905: 

Edward  Frtlinq  Black,  New  Orleans,  La. 
LudEN  HoGUET  Blythe,  Buthcrford,  N.  J. 
Ernest  John  Crisp,  Bamesville,  Ohio. 
Walter  Taubert  Derleth,  New  York  Oity. 
WiLLiARD  Bea  Ewing,  Great  Falls,  Mont. 
Henrt  Hatdock  Garrigubs,  Wall,  Pa. 
Walter  Joseph  Gillen,  Croton  Falls,  N.  Y. 
Diedrich  Williah  Krellwitz,  Toronto,  Ont.,  Oanada. 
Ltle  Antrim  Whitsft,  Springfield,  Idaho. 
John  Boot  Wortham,  New  York  City. 

The  Secretary  announced  the  death  of  Frank  Lbwib  Falbs, 
elected  Associate  Member  April  6th,  1904;  died  October  5th,  1905. 

Adjourned. 

November  15th,  1905. — The  meeting  was  called  to  order  at  8.35 
p.  M.;  Vice-President  E.  Kuicliling  in  the  chair;  Chas.  Warren  Hunt^ 
Secretary;  and  present,  also,  110  members  and  24  guests. 

A  paper  by  C.  A.  P.  Turner,  M.  Am.  Soc.  C.  E.,  entitled  *'  The 
Ferry  Bridge  Across  the  Ship  Canal  at  Duluth,  Minnesota,"  was  pre- 
sented by  the  Secretary. 

The  Secretary  announced  the  following  deaths  : 

George  Wallace  Ends,  elected  Junior  March  6th,  1900;  died 
November  2d,  1905. 

David  Maxson  Greene,  elected  Member  May  20th,  1868;  died 
November  9th,  1906. 

Adjourned. 
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OF  THE  BOARD  OF  DIRECTION. 

(Abstract.) 

October  3i«t,  1905.— Vice-President  Kuichlin«  in  the  Ghair; 
Chas.  Warren  Hunt,  Secretary;  and  present,  also,  Messrs.  BisBeU, 
Bowman,  Craven,  Deyo,  Ellis,  Gowen,  Knap,  N.  P.  Lewis,  and 
Osgood. 

It  was  decided  to  hold  the  Thirty-eighth  Annual  Conventioii  at 
The  Frontenac,  Thousand  Islands,  New  York,  during  the  last  week 
in  June,  1906. 

Applications  were  considered  and  other  routine  business  trans- 
acted. 

Six  Afisociate  Members  were  transferred  to  the  grade  of  Member, 
and  ten  candidates  for  Junior  were  elected. 

Adjourned. 
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ANNOUNCEMENTS. 

The  House  off  the  Society  is  open  from  9  A.  M.  to  10  P.  M. 
every  day,  except  Sundays,  Fourth  of  July,  Tluiniugiving  Day  and 
Christnutt  I>ay. 

MBBTINQS. 

Wednesday,  December  6th,  1905. — 8.30  P.  m. — A  regular  busi- 
ness meeting  will  be  held.  Ballots  for  membership  will  be  can- 
vassed, and  a  paper,  entitled  ^'A  New  Graving  Dock  at  Nagasaki, 
Japan,"  by  Naoji  Shiraishi,  M.  Am.  Soc.  C.  E.,  will  be  presented 
for  discussion. 

This  paper  was  printed  in  Proceedings  for  October,  1906. 

Wednesday,  December  aoth,  1905*— 8.30  P.  m.— At  this  meeting 
a  paper,  entitled  "The  Inspection  of  Treatment  for  the  Protection 
of  Timber  by  the  Injection  of  Creosote  Oil,"  by  H.  K.  Stanford, 
M.  Am.  Soc.  C.  E.,  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

Wednesday,  January  3d,  1906.— 8.30  p.  m.— A  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed, 
and  a  paper,  entitled  "The  Position  of  the  Constructing  Engineer, 
and  his  Duties  in  Relation  to  Inspection  and  the  Enforcement  of 
Contracts,"  by  Albert  J.  Himes,  M.  Am.  Soc.  C.  E.,  will  be  presented 
for  discussion. 

This  paper  is  printed  in  this  nimiber  of  Proceedings, 

ANNUAL  MEBTINQ. 

The  Fifty-third  Annual  Meeting  will  be  held  at  the  Society 
House,  on  Wednesday  and  Thursday,  January,  ITtii  and  18th,  1006. 
The  Business  Meeting  will  be  called  to  order  at  10  oVlock  on 
Wednesday  morning.  The  Annual  Reports  will  be  presented,  of- 
ficers for  the  ensuing  year  elected,  members  of  the  Nominating  Com- 
mittee appointed  and  a  proposed  Amendment  to  the  Constitution 
discussed. 

The  arrangements  for  the  excursions  and  entertainments  will  be 
announced  later. 

NOMINATING  COMMITTEE. 

The  Constitution  provides  that,  at  the  Annual  Meeting  of  each 
year,  seven  Corporate  Members,  not  officers  of  the  Society,  one  from 
each  of  the  geographical  districts  into  which  the  Society  is  divided 
for  this  purpose,  shall  be  appointed  by  the  meeting,  to  serve  two 
years. 

The  usual  blank  request  for  suggestions  as  to  representatives  of 
each  district,  for  presentation  to  the  meeting,  will  soon  be  mailed  to 
Corporate  Members. 
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PRIVILEQBS    OP    BNQINBERINO    SOCIETIES 

EXTENDED  TO  MEMBERS  OP  THE 
AMERICAN   SOCIETY  OP  CIVIL   ENGINEERS. 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of 
their  Beading  Booms  and  at  all  meetings: 

North  of  England  Institute  of  Mining  and  Mechanical  Engineen, 
Newcastle-upon-Tyne,  England. . 

Society  of  EnginecrSt  17  Victoria  Street,  Westminster,  S.  W., 
England. 

American  Institute  of  Mining  Engineers*  99  John  Street,  New 
York  City. 

Boston  Society  of  Civil  Engineers*  715  Tremont  Temple,  Boston, 
Mass. 

Civil  Engineers'  Club  of  aeveland,  689  The  Arcade,  Cleveland, 
Ohio. 

St.  Louis  Engineers'  Club,  B817  Olive  Street,  St.  Louis,  Mo. 

Engineers'  Club  of  Philadelphia,  1122  Girard  Street,  Philade)- 
phia.  Pa. 

Engineers'  Society  of  Western  Pennsylvania*  410  Peon  Avenue, 
Pittsburg,  Pa. 

Western  Society  of  Engineers,  1737  Monadnock  Block,  Chicago, 

111. 

Louisiana  Engineering  Society*  604  Tulane-Newcomb  Building, 
New  Orleans,  La. 

Engineers'  Club  of  Central  Pennsylvania,  Comer,  Second  and 
Walnut  Streets,  Harrisburg,  Pa. 

Engineers'  and  Architects'  Club  of  Louisville*  Ky.*  303  Norton 
Building,  Fourth  and  Jefferson  Streets,  Louisville,  Ky. 

SEARCHES  IN  THE  LIBRARY. 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Library,  ux>on  request,  and  to  charge  therefor  the  actual  cost 
to  the  Society  for  the  extra  work  required.  Since  that  time  many 
such  searches  have  been  made,  and  bibliographies  and  other  infor- 
mation on  special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that,  if  it  were  generally  known  to 
the  membership  that  such  work  would  be  undertaken,  many  would 
avail  themselves  of  it. 

The  cost  is  trifling,  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be 
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performed  quite  as  well,  and  much  more  quickly,  by  persons  familiar 
with  the  Library. 

Copies  of  all  lists  of  references  are  £led,  so  that  in  many  cases 
it  is  only  necessary  to  make  a  typewritten  copy,  which  reduces  the 
cost  of  searches  to  a  minimunL 

In  asking  that  such  work  be  undertaken,  members  should  specify 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
"books  only  are  desired,  or  whether  a  complete  bibliography,  involv- 
ing search  through  periodical  literature,  is  desired. 

LOCAL  ASSOCIATIONS  OP  MEMBERS  OF  THE  AMERICAN 

SOCIETY  OP  CIVIL  ENGINEERS. 

San  Prancisco,  Cal. 

October  aist,  ipos-— The  third  regular  meeting  of  the  San 
Prancisco  Association  of  Members,  Am.  Soc.  0.  E.,  was  held; 
W.  W.  Harts  in  the  chair;  F.  Riffle,  Secretary;  and  present,  also 
19  members  and  9  guests. 

The  Secretary  read  a  discussion  by  Mr.  L.  J.  Le  Conte,  on  Mr. 
Parmley's  paper  entitled  "The  Walworth  Sewer,  Cleveland,  Ohio.'* 

Messrs.  A.  L.  Adams  and  Edwin  Duryea,  Jr.,  discussed  orally 
Mr.  K.  F.  Cooper's  paper  entitled  "An  Example  of  the  Legitimate 
Use  of  Water  for  Domestic  Purposes." 

Mr.  P.  E.  Harroun  presented  a  paper  entitled  "Test  of  a  Three- 
Stage  Dii^ect-Connected  Centrifugal  Pumping  Unit,''  and  the  Secre- 
tary read  a  discussion  by  Mr.  John  Richards.  The  pai>er  was  dis- 
cussed orally  by  Messrs.  Hicks,  Marx,  Stout>  Adams,  Hunt,  Wing» 
Derleth  and  the  author. 
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ACCESSIONS  TO  THB  LIBRARY. 

From  October  11th  to  November  6th,  1905. 

DONATIONS.* 
THB  DBSION  AND  CONSTRUCTION  OP  METALLIC  BRIDGES. 

By  William  H.  Burr,  M.  Am.  Soc.  C.  E.,  and  Myron  S.  Falk, 
Aflsoc.  M.  Am.  Soc.  C.  E.  Cloth,  9x6  in.,  illus.,  13  +  532  pp. 
New  York,  John  Wiley  &  Sons,  1905.    $6. 

ThA  prefacA  stat.fls  that  this  hook  1b  based  upon  the  ninth  edition  of  "Tho 
Stresses  in  Bridge  and  Roof  Trusses,  Arched  Ribs,  and  Suspension  Bridses,"  ty 
one  of  the  authors  of  this  volume.  That  work  has  been  so  thoroughly  rewritten, 
and  such  a  large  amount  of  new  matter  has  been  introduced,  that  a  new  title 
has  been  adopted.  It  has  been  the  intention  of  the  authors  to  prepare  a  com- 
prehensive book  covering  all  types  of  trusses  used  in  American  bridge  praotloo. 
or,  at  least,  all  trusses  forming  the  basis  of  that  practice.  In  conformity  witli  this 
plan,  the  most  advanced  methods  of  stress  computations,  as  well  as  those  tluKt 
are  older  have  been  used.  The  methods  of  influence  lines  and  of  deflections  are 
used  in  the  treatment  of  swing-bridges  as  well  as  the  more  common  procedure 
with  the  theorem  of  three  moments.  There  will  also  be  found  a  short  chapter 
setting  forth  the  main  features  of  the  application  of  the  principle  of  least  work 
to  the  determination  of  stresses  in  trusses.  It  is  stated  tnat  the  graphic  theory 
is  but  little  used  in  this  book.  There  are  name  and  subject  indexes,  corering 
nine  pages. 

POWLBR'S   ELECTRICAL   ENOINEBR'S    YEAR   BOOK    AND    DIRECTORY    OF 
UOHT,  POWER  AND  TRACTION  STATIONS,  1906. 

Leather,  6x4  in.,  643  pp.  Manchester,  Eng.,  Scientific  Publish- 
ing Company,  1905.     One  shilling,  nine  pence. 

The  preface  states  that  this  edition  contains  fifty  pages  of  entirely  new 
matter.  Among  the  more  substantial  additions,  it  is  stated,  there  will  be  found 
a  lengthy  section  dealing  with  the  designing  of  alternators,  and  another  dealing 
with  steam  turbines  and  turbo-generators.  Additional  information  is  gXrexk  on 
power  and  cost  of  electrical  distribution,  and  some  notes  on  insulating  material 
for  electrical  machines.  The  alterations  which  have  been  made  during  the  past 
year  in  the  Board  of  Trade  rules  for  lighting  and  traction  are  noted,  and  the  new 
Home  Office  Regulations  for  the  use  of  electricity  in  mines  have  been  included. 
There  is  an  Index  of  fourteen  pages. 

HIGH-TENSION  POWER  TRANSMISSION. 

A  Series  of  Papers  and  Discussions  Presented  at  the  Meetings 
of  the  American  Institute  of  Electrical  Engineers,  under  the 
Auspices  of  the  Committee  on  High-Tension  Transmissions.  Cloth, 
9x6  in.,  466  pp.,  illus.  New  York,  McGraw  Publishing  Company, 
1905.    $3. 

A  Committee  on  High-Tension  Transmission  was  appointed  on  September 
26th,  1902,  for  the  purpose  of  collecting  data  respecting  present  practice  In 
electrical  transmission  at  high  voltage,  and  of  presenting  a  report  indicating  the 
successful  methods  which  are  now  in  operation,  in  such  a  form  as  to  be  of 
Immediate  value  to  electrical  engineers.  It  was  within  the  scope  of  the  Com- 
mittee to  secure  data  upon  line  construction,  insulators,  insulator-pins,  and  the 
like,  and  the  conditions  of  operation  at  different  voltages  and  under  different 
climatic  conditions ;  to  investigate  methods  of  testing  insulators  and  to  indicate 
the  method  or  methods  which  in  its  Judgment  are  superior.  Also  to  ascertain 
the  methods  employed  for  voltage  regulation,  the  conditions  attendant  upon  the 
switching  of  high-tension  circuits,  and  to  collect  data  respecting  lightning  and 
static  disturbances  and  the  use  of  grounded  protective  wires.  This  volume  com- 
prises the  work  accomplished  by  the  Transmission  Committee  along  the  lines 
laid  down.  It  includes  the  introductory  papers,  with  the  discussions  which  took 
place  upon  them,  and  the  results  obtained  from  the  lists  of  questions  sent  out. 
There  are  indexes  of  subjects  and  authors  covering  eight  pages. 

*  Unless  otherwise  specified,  books  in  this  list  have  been  donated  by  the 
publishers. 
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THE  BLBMBNTS  OP  OBODBTIC  ASTRONOMY  FOR  CIVIL  ENQINEERS. 

By  H.  C.  Lord.  Cloth,  7x6  in.,  136  pp.  Columbus,  Ohio, 
Comet  Press,  1904.     $1.60  net.     (Donated  by  the  author.) 

The  preface  states  that  in  this  book  the  author  puts  in  permanent  form 
his  presentation  of  the  subject  to  the  students  of  civil  engineeringr  at  the  Ohio 
State  UniTersity.  In  the  derivation  of  formulas,  the  author  has  sought  direct- 
ness of  method  rather  than  elegance  of  mathematical  analysis.  In  the  numerical 
examples,  taken  from  observations  made  at  the  Emerson  McMillin  Observatory, 
lie  has  aimed  to  furnish  the  student  with  models  of  correct  forms  for  note- book 
record  as  well  as  of  correct  forms  for  reduction  sheets.  He  has  placed  much 
emphasis  upon  the  theodolite,  as  the  instrument  of  the  engineer.  The  Contents 
are:  Fundamental  Co-ordinates;  Transformation  of  Co-ordinates;  Refraction 
and  Parallox ;  Time ;  Reduction  of  Star  Places ;  The  Sextant :  The  Theodolite ; 
Azimuth ;  Time.  Altitudes ;  Latitude ;  The  Astronomical  Transit ;  The  Zenith 
Telescope ;  Tables. 


PBRPORMANCe   OP  AUTOMATIC   BLOCK   SIGNALS    UNDER   UNFAVORABLE 
CONDITIONS. 

By  H.  S.  Balliet.  Paper,  8x5  in.,  42  pp.  New  York,  The  Rail- 
road Gazette.    50  cents. 

This  book  is  composed  of  a  series  of  articles  which  first  appeared  in  the 
Railroad  Cfazette.  It  treats  of  the  various  disturbances  in  the  automatic  opera- 
tion of  railroad  block  signaling  apparatus,  their  causes  and  the  best  methods  of 
preventing  or  avoiding  them.  The  principal  chapter  headings  are:  Wood  and 
Iron  Enclosures  and  the  Effects  of  Frost ;  Relays  and  their  Enclosures ;  Operat- 
ing and  Controlling  Mechanisms ;  Batteries  and  their  Ehiclosures.  There  are 
seventeen  illustrations. 

A  BRIBP  COURSE  IN  THE  CALCULUS. 

By  William  Cain,  M.  Am.  Soc.  C.  E.  Cloth,  8x5  in.,  10  +  280 
pp.  New  York,  D.  Van  Nostrand  Company,  1905.  $1.50  net. 
(Donated  by  the  author.) 

The  preface  states  that  this  work  is  intended,  not  only  for  the  class-room, 
but  for  the  student  without  a  teacher,  who  hopes  to  acquire  some  knowledge  of 
the  working  principles  of  the  Calculus  in  a  short  time.  The  aim  has  been  to 
write  a  book  for  the  beginner  that  should  be  simple,  clear,  and  logical.  The 
topics  selected  are  mainly  those  involving  fundamental  principles,  and  these 
have  been  treated  more  fully  than  usual,  and  a  number  of  illustrative,  worked 
examples  have  been  added. 


Gifts  have  also  been  received  from  the  following: 


Alaska  Treadwell  Mln.  Co.     2  pam. 
Allen,  Kenneth.     1  pam. 
Allentown — Water  Dept.     1  pam. 
Am.  Inst,  of  Blec.  Bngrs.     1  bound  vol. 
Am.   Ry.   Master  Mechanics  Assoc.      1 

bound  vol. 
Am.    Soc.    for    Testing    Materials.      2 

pam. 
Berry,  W.  J.     5  bound  vol. 
Briggs,  J.  A.    7  bound  vol. 
Buffalo  A   Susquehanna  R.   R.   Co.      1 

pam. 
Bumham,  Williams  ft  Co.     1  pam. 
Canada — Oovt.  Statistician.     1  vol. 
Canada — Interior  Dept.     3  maps. 
Canada — Mines  Branch.     1  vol. 
Canadian  Inst.     1  vol. 
Canadian  Northern  Ry.  Co.     1  pam. 
Central  Vermont  Ry  Co.     1  pam. 
Chicago  A   Eastern   Illinois  R.   R.  Co. 

9  pam. 
Chicago    A    North    Western    Ry.    Co. 

1  pam. 
Chicago,  Rock  Island  A  Pacific  Ry.  Co. 

1  pam. 
Cincinnati — Board    of    Public    Service. 

1  pam. 


Delft  Technlsche  Hoogeschool.     5  pam. 
Detroit  6  Mackinac  Ry.  Co.     2  pam. 
Brie  R.  R.  Co.     1  pam. 
Bvansville  A  Terre   Haute   R.   R.   Co. 

3  pam. 
Force,  C.  O.     1  vol. 
Georgia    R.   R.    Co.      2   bound   vol.,    1 

pam. 
Ooss,  W.  F.  M.     1  pam. 
Great   Britain — Patent  Office.      5   vol., 

8  pam. 
Great  Northern  Ry  Co.     1  pam. 
Green   Bay  A  Western  R.  R.  Co.        1 

pam. 
Halifax,  N.  S. — City  Engr.     1  pam. 
Illinois  Central  R.  R.  Co.     1  pam. 
Illinois  Southern  fly.  Co.     1  pam. 
Indiana,  Illinois  A  Iowa  R.  R.  Co.     4 

pam. 
Inst,  of  Marine  Bngrs.     1  bound  vol. 
Inst,  of  Naval  Archts.     2  bound  vol. 
Iowa  Central  Ry  Co.     2  pam. 
Kanawha  A  Mich.  Ry.  Co.    4  pam. 
Knighton,  J.  A.     2  bound  vol. 
Lehigh    A    Hudson    River   Ry.    Co.      1 

pam. 
Liverpool — ^Water  Bngr.     1  vol. 
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Loomis,  Horace.    2  bound  vol. 
LouisTllle   A   NaehYille   R.   R.   Co.,    1 

pam. 
Louisville*  Henderson  ft  St.  Louis  Ry. 

Co.     1  pam. 
Manistee  A  Nortli  Bastem  R.  R.  Co.    1 

pam. 
Mass. — Board    of   R.   R.    Commrs.      1 

bound  vol. 
Mexican    International   R.    R.    Co.      1 

pam. 
Mexican  Ry.  Co.,  Ltd.     8  pam. 
Mich. — Commr.      of       Railroads.         3 

bound  vni. 
Michigan  Central  Ry.  Co.     1  pam. 
Milliken  Bros.     1  bound  vol. 
Milwaukee — Board    of    Public    Works. 

1  pam. 
Minneapolis  ft  St.  Louis  R.  R.  Co.     1 

pam. 
Minneapolis,    St.    Paul    ft    Sault    Ste. 

Marie  Ry.  Co.     2  pam. 
Missouri,  Kansas  ft  Texas  Ry.  Co.     2 

pam. 
Mobile  ft  Ohio  R.  R.  Co.     8  pam. 
Moncrieff,  A.  B.     6  vol. 
National  Board  of  Fire  Underwriters. 

86  pam. 
New   Jersey — Comptroller.      8    vol.,    1 

pam. 
New    Jersey — Secretary    of    State.      1 

pam. 
New  Mexico  Ry.  ft  Coal  Co.     8  pam. 
New  South  Wales — Government  Statis- 
tician.    1  pam. 
New    York    City — Board    of    Estimate 

and  Apportionment.     1  pam. 
New  York — Bay   Pollution   Comm.     1 

pam. 
New  York — State  Bngr.  and  Surveyor. 

1  bound  vol. 
New     York — State     Reservation     at 

Niagara.     1  vol. 


New  York,  New  Haven  ft  Hartford  Ry. 

Co.     2  pam. 
Nichols,  O.  F.     1  vol. 
North    Carolina — State    QeologtsL      1 

pam. 
Ontario    School    of    Practical   SdeneSL 

2  vol. 
Palmer.  C.  S.  R.    1  bound  vol. 
Philadelphia,    Pa. — ^Mayor.      8    bouni 

vol. 
Pittsburgh  Filter  Manufacturing  Go.    1 

pam. 
Piatt.  Thomas  C.     4  vols. 
Queensland — Commr.  for  Rya.    1  pam. 
Quinton,  J.  H.     1  pam. 
Rice,  O.  S.    5  bound  vol.,  2  pam. 
Rix,  E.  A.     1  pam. 
St.  Louis  ft  San  Francisco  R.  R.  Co.    1 

pam. 
Scientific    American    Svpplmnent.      6 

nos. 
Shearer,  L.  H.     2  vol. 
South  Australia — ^Rys.  Comr.     1  vol. 
Sprague.  F.  J.     1  bound  vol. 
Switzerland — ^Hydrometrlscbe  AbtallnuK 

des  Bidg.  Oberbauinspektorates.*    2 

vol. 
Toronto.  Canada — City  Bngr.     1  pan. 
Troy,  N.  Y. — City  Bngr.     1  bound  voL 
U.  S.  Bureau  of  Manufactures.     2  vol. 
U.  S.  Bureau  of  Statistics.     3  pam. 
U.  S.  Corps  of  Bngrs.     14  specif. 
U.  S.  Lake  Survey.     1  pam.,  4  maps. 
U.  S.  Lighthouse  Board.     1  bound  voU 

1  pam. 
U.  S.  Forest  Service.     1  bound  voU  8 

pam. 
U.  S.  Office  of  Bxper.  Station.    1  bound 

^ol. 
Wabash  R.  R.  Co.     1  pam. 
Woodbury,  J.  M.     2  pam. 
Wyoming — State  Qeologist.     1  pam. 


BY  PURCHASE. 

Concrete-Steel ;  a  Treatise  on  the  Theoiy  and  Practice  of  Rein- 
forced Concrete  Construction.  By  W.  Noble  Twelvetrees.  London 
and  New  York,  Whittaker  and  Company,  1905. 

Report  of  the  Eighth  Qeographic  Congress,  Held  in  the  United 
States,  1904.     Washington,  Government  Printing  Office,  1905. 

Copper  Mines  of  Lake  Superior.  By  T.  A.  Hickard.  New  York 
and  London,  Engineering  and  Mining  Journal,  1905. 

Indian  Storage  Reservoirs  with  Earthen  Dams :  Being  a  Practical 
Treatise  on  their  Design  and  Construction.  By  William  Lumisden 
Strange.  London,  E.  &  F.  N.  Spon,  Ltd.;  New  York,  Spon  & 
Chamberlain,  1904. 

Shipping  World  Year  Book,  1905*  Edited  by  Evan  Rowland 
Jones.     New  York,  The  Derry-Collard  Co. 

Steam  Turbines  with  an  Appendix  on  Gas  Turbines  and  the  Future 
of  Heat  Engines.  By  A.  Stodola;  Authorized  Translation  from  the 
Second  Enlarged  and  Revised  German  Edition  by  Louis  C.  Loewen- 
stein.  New  York,  D.  Van  Nostrand  Company;  London,  Archibald 
Constable  and  Company,  Ltd.,  1905. 


Affairs:]  ACCESSIONS  TO   THE   UBRABT.  613 

Public  Health  Papers  and  Reports  presented  at  the  Annual  Meeting 
of  the  American  Public  Health  Association.  Yols.  18,  20-24,  28,  29, 
30. 

Permanent  International  Association  off  Navigation  Congresses. 

X.  Congress,  MUan,  1905.    Reports.    103  pam.    Brussels,  Printing 
Office  of  the  Public  Works  (Co.  Ltd.),  1905. 

Report  to  the  Royal  Commission  on  London  Traffic  by  the  Ad- 
visory Board  of  Engineers,  Vol.  VII.  London,  Wyman  and  Sons, 
Limited,  1905. 

SUMMARY  OP  ACCESSIONS. 

October  11th  to  November  6th,  1905. 

Donations  (including  12  duplicates  and  5  numbers 

completing  volumes  of  periodicals) 255 

By  purchase 119 

Total 374 
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ADDITIONS. 


Date  of 


Jun.  Oct.      3,  1S93 

AB8oe.  M.     April    6,  1S98 
M.  Oct.    31,1905 


Ai<LBN,  Akdbiewb.    1127  Monadnock  Bldg.,  Chicago,  111..     Oct.     4,  1905 
AiiiiKN,  GHAimoBT  LooKiB.    Oen.  Mgr.,  Utica  &  Mohawk 

Val.  By.  Co.,  Utloa,  N.  T Oct,    '4.  1905 

Abvbtsong,  WaIiTbb  Boot.    Supt.  of  Constr.,  Kans.  City, 

Mex.  &    Orient    By.,    Apartado    182,    Chihuahua, 

Mexico  Oct.      4,  1905 

Baily,  Thomas  CHAiiXiiEY  Jameb,  Jr.    1108  Lydecker 

Ave.,  Washington,  D.  C Oct.      4,  1905 

BAiiDWiN,    Ebnxbt   Howabd.     Care,    U.    S.  \  Assoc.  M.    May     4, 1896 

Bedamatlon  Service,  Pathfinder,  Wyo. .  )  M.  Oct.      3,  1905 

BuBOBBS,  A14FB99  Samttbij.     1822  Anthony  Ave.,  New 

York  City Sept.    6.  1905 

BxTSH,   LiNGOiiN.    Chf.   Engr.,  D.,  L.  &  W.  B.   B.  Co., 

Hoboken,  N.  J Oct.      4,  1905 

CiiABK,     Geobob    HalijBTT.    Senior    Asst. 

Engr.,  First  Div.,  Bapid  Transit  B.  B. 

Comm.,  406  West  End  Ave,,  New  Tork 

City 

CuBTis,  Chables  Elbebt.    Civ.  Engr.,  Cambria  Steel  Co., 

Capital  Hotel,  Johnstown,  Pa Oct.      4,  1905 

Dawlby,  WiiiiiiAM  Sakbobn.      922    Postal   Tel.  Bldg., 

Chicago,  m Oct.      4,  1906 

DBT7BY,  Edmund  Hazbn.    Engr.  in  Chg.  of  Constr.,  The 

Mexican  Light  &  Power  Co.,  Ltd.,  Apartado  490, 

City  of  Mexico,  Mexico Oct.      4,  1905 

FoBD,  Fbedebick  Lutheb.    City  Engr.,  Hart-  ( Assoc.  M.    Oct.      1,  1902 

ford,  Conn I  M.  Oct    31,  1905 

Gbssnbb,  GusTAVUB  Adolphus,  Jb.    Civ.  and  Wg^^     ^    ^    2,190a 

Cons.  Engr.  (The  Biggs  &  Sherman  Co.),  y  j,  q^       «  j^q- 

613  The  Nasby,  Toledo,  Ohio )     * 

Habdino,  Chbsteb.      Capt.,  Corps  of  Engrs.,  U.  S.  A., 

Municipal  Bldg.,  Washington,  D.  C Oct.      4,  1905 

Habpeb,  John  Bbadfobd.    Gen.  Supt.  of  Irrigation  on 

Indian  Beservations,  Blackrock,  N.  Mex Oct.      4,  1905 

Hill,  Louis  CiiABENCE.    Superv.  Engr.,  U.  S.  Beclama- 

tion  Service,  Boosevelt,  Ariz Oct.      4,  1905 

JuDD,   WiiiBEB    MagauijAY.      909    Westlughouse  Bldg., 

Pittsburg,  Pa Oct.      4,  1905 

Lee,  WiiiLiAM  States,  Jb.     Charlotte,  N.  C Oct.      4,  1905 

Mensch,  Leopold  Jehud.     650  Monon  Bldg.,  Chicago, 

111 Oct.      4,  1905 
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Date  of 
Membomhlp. 
PHiiiiiiPS,  AiiFBSD  Edwabd.    407  Thirty-third  St.,  Chi- 
cago, 111 May     3,  1905 

Bbeb,  WiiiiiiAM  MabshaIiL.      U.  S.  Engr.  Office,  Mem- 
phis, Tenn Oct.      4,  1905 

BiTTBB,  LouiB  £.     1433  Marquette  Bldg.,  Chicago,  111 Oct.      4,  1905 

BiTBBBiiii,  WiLiiiAM  Oabdnisb.     Res.  Hydrographer,  U.  S. 

Geological  Survey,  Bussell,  Eans Oct.     4,  1905 

Sapp,  Edwabd  Howabd.    Wenonah,  N.  J Sept.    6,  1905 

Woodman,  Andbbw  Whitnbt.    906  Tribune  Bldg.,  Chi- 
cago, lU Oct.      4,  1905 


ASSOCIATE  MEMBKBS. 

Bbbb,  Pauii.    Supt.,  Dee  Moines  Plant,  Barber  Asphalt 

Pay.  Co.,  1211  Pleasant  St.,  Des  Moines,  Iowa Oct.     4 

Buck,  Hbhby  Bobinson.    Asst.  City  Engr.,  )  Jun.  June    5 

P.  O.  Box  213,  Hartford,  Conn I  Assoc.  M.    Oct.     4 

DoBSET,  Lbandbb.    Asst.  Engr.  of  Beconstr.,  The  United 

Bys.  &  Elec.  Co.,  141  Mosher  St.,  Baltimore,  Md. . .     Oct.     4 

FaIiK,  Mtbok  SAMUBii.    lustr.  in  Civ.  Eng.,  j  j^^^  p^^^      . 

Columbia  Univ.  (Bes.,  44  West  53d  St.),  \  j^^  ^     Oct      4 
New  York  City ) 

FiiBTCHEB,    JosiAH    MoNK.     With   Jamaica .  Govt.   By., 

Albany,  Jamaica Oct.     4 

HowEiiii,  BoBEBT  Pabsons.    PhlUlpsburg,  N.  J Oct.     4 

HuNTEB,  Adam.    32  Victoria  St.,  Westminster,  London, 

S.  W.,  England Sept.    6 

Kawaouchi,    Tobao.    25  Cortes    St.,   Suite   6,  Boston, 

Mass Oct.      4 

KiBCHNEB,  PAUii  AijOIS.    Structural  Engr.,  N.  Y.,  West- 
chester &  Boston  By.,  30  Broad  St.,  New  York  City.    Sept.    6 

Lewis,  John  Howard.    State  Engr.,  Salem,  Ore Sept.    6 

LiNDSET,    KiEFFEB.     Asst.    Engr.,    Dept.    of  ^ 

State  Engr.  and  Surv.,  "Weigh  Lock",  l\^^'  ^^^'      "^ 

8yracuse,N.  Y JAssoc.M.     Oct.      4 

Mack,  Edwabd  B.    500  Bodney  St.,  Wilmington,  Del.  . .    June    7 

Pbootob,  Balph  Fenno.    Civ.  and  San.  Engr.  \ 

with  WiUiams  &  Whitman,  1702  White- 1  ^^^'  "^^^    ^ 

haU  Bldg.,  New  Y6rk  City )  Assoc.  M.     Oct.      4 

QuiNBY,    CHABiiBB   Edwabd.    Chf.  Engr.  and    Supt.   of 

Constr.,  Ludlow  Mfg.  Co.,  Ludlow,  Mass Sept.    6 

BiEDEL,  John  Chables.    686  Halsey  St.,  Brooklyn,  N.  Y.     Oct.      4 

Thompson,  Wilpobd  Ashpobd.    Prin.  Asst. 

City  Engr.  (Bes. ,  428  Columbia  PL),  East  [  •["^-     ^,     ^^'      ^ 


1905 
1900 
1905 

1905 

1902 
1905 

1905 
1905 

1905 

1905 

1905 
1905 

1902 
1905 

1905 

1902 
1905 

1905 
1905 

1901 
1905 


St.  Louis,  lU )  AssocM.     Oct. 

Thubbeb,  Clinton  Dbapeb.    Asst.  Civ.  Engr.,  U.  S.  N., 

Navy  Yard,  Norfolk,  Va Oct.      4,  1905 
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Datec^ 
MomlMsriliip. 
WooDWABD,  Edwin  Cablton.    Asst.  Engr.,  Bedamation 

Service,  U.  S.  Geological  Survey,  Torrlngton,  Wyo.    Oct.      4,  190& 

JT7NIOB8. 

BuBToy,  William.     Care,  U.  S.   Bedamation  Service, 

Cody,  Wyo Oct.      3,  1»& 

Cbooks,  Clinton  Hebvet.    Fairmont,  W.  Ya Oct.      3,  190i 

DeHaab,  Adolfh.    Oglethorpe,  Ga Oct.      3,  190S 

Deblbth,  Walteb  Taubebt.    674  East  135th  St.,  New 

York  City Oct.    31,  190S 

Fbitit,  John  Clyde.    Asst.  Engr.,  Am.  Bridge  Co.  of  New 

York,  4647  Indiana  Ave.,  Chicago,  111 May     2,  1905 

Fby,  Leslie  Monboe.    Box  533,  Bemidji,  Minn June     6,  1905 

Habdino,  Sidney  Twiohell.    417  East  University  Ave., 

Ann  Arbor,  Mich Sept.    5,  1906 

Havens,  Yebne  Lb  Boy.    Soottsblulf,  Nebr Oct.      3, 1906> 

Lint,  Johannes  Adbianus  de.    Nieuwe  Uitleg  27,  The 

Hague,  The  Netherlands Sept.    5,  1905 

Beeves,  Cabl  Howell.    Care,  City  Engr.*s  Office  (Bes., 

5247  Fourteenth  Ave.,  N.  E.),  Seattle,  Wash May     2, 1905 

Beimann-Hanben,  Bobebt  Louis.    87  Washington  St., 

Cumberland,  Md Oct.      3,  1905 

TiNKHAM,  Balph  Bu8SELl.>    Ann  Arbor,  Mich Oct.      3,  1905 

Wobtham,  John  Boot.    346  East  33d  St.,  New  York  City.    Oct.    31,  1905 
Yates,  Eugene  Adams.    Care,  Penn.,  N.  Y.  &  L.  I.  B.  B., 

346  East  33d  St..  New  York  City Oct.      3,  1905 


DEATHS. 

Enos,  Geoboe  Wallace.  Elected  Junior,  March  6th,  1900 ;  died  Novem- 
ber 2d,  1905. 

Fales,  Fbank  Lewis.  Elected  Associate  Member,  April  6th,  1904 ;  died 
October  5th,  1905. 
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MONTHLY  LIST  OF  RECENT  ENQINEERINO  ARTICLES  OF 

INTEREST. 

(October  8th  to  November  4th,  1905.) 

Note. — This  list  is  published  for  the  purpose  of  placing  before  the 
members  of  the  Society,  the  titles  of  current  engineering  articles, 
which  can  be  referred  to  in  any  available  engineering  library,  or  can 
he  procured  by  addressing  the  publication  directly,  the  address  and 
price  being  given  wherever  possible. 


LIST  OP  PUBLICATIONS. 

In  the  subjoined  list  of  articles  references  are  given  by  the  num- 
ber prefixed  to  each  journal  in  this  list. 


(1)  Journal,   Assoc.    Eng.    Soc,    267 

South  Fourth  St.,  Philadel- 
phia, Pa.,  30c. 

(2)  Proceedings f     Engrs.      Club     of 

Phila.,  1122  Oirard  St.,  Phila- 
delphia, Pa. 

(3)  Journal,    Franklin    Inst.,    Phila- 

delphia, Pa.,  50c. 

(4)  Journal,  Western  Soc.  of  Engrs., 

Monadnock  Block,  Ohlcago,  III. 

(5)  Tranaactiona,    Can.    Soc.    C.    B., 

Montreal,  Que.,  Canada. 

(6)  School  of    Mines  Quarterly,  Co- 

lumbia T7niT.,  New  York  City. 
50c. 

(7)  Technology  Quarterly,  Mass.  InsL 

Tech.,   Boston,   Mass.,   75c. 

(8)  Stevens  Institute  Indicator,  Ste- 

vens Inst.,  Hoboken,  N.  J.,  50c. 

(9)  Engineering  Magazine,  New  York 

City,  26c. 

(10)  Cassier's    Magazine,    New    York 

City,  25c. 

(11)  Engineering     (London),    W.    H. 

Wiley,  New  York  City,  25c. 

(12)  The   Engineer    (London),    Inter- 

national News  Co.,  New  York 
City,  85c. 

(13)  Engineering    News,    New    York 

City,  16c. 

(14)  The    Engineering    Record,    New 

York  City,   12c 

(15)  Railroad  Gazette,  New  York  City, 

10c. 

(16)  Engineering  and  Mining  Journal, 

New  York  City,  15c. 

(17)  Street    Railway    Journal,     New 

York  City.  Issues  for  first 
Saturday  of  each  month  20c., 
other  Issues  10c. 

(18)  Railway    and    Engineering    JZe- 

view,  Chicago,  111.,  10c. 

(19)  Scientific  American  Suftplement, 

New   York   City,    10c. 

(20)  Iron  Age,  New  York  City,  10c. 

(21)  Railway  Engineer,  London,  Eng- 

land, 26c. 

(22)  Iron   and   Coal   Trades   Review, 

London.  England,  25c. 

(23)  Bulletin,  American  Iron  and  Steel 

Assoc,  Philadelphia,  Pa. 

(24)  American    Cfas    Light    Journal, 

New  York  City,  10c 

(25)  American    Engineer,    New    York 

City,  20c 

(26)  Electrical  Review,  London,  Eng- 

land. 


(27)  Electrical  World  and    Engineer, 

New  York  City,  10c. 

(28)  Journal,    New    England    Water- 

Works  Assoc,  Boston,  $1. 

(29)  Journal,    Society    of    Arts,    Lon- 

don, England,  16c. 

(30)  Annales  des  Travaux  Publics  de 

Belgique,  Brussels,  Belgium. 

(31)  Anncues    de     I* Assoc,     des    Ing. 

Sortis  des  Ecoles  Speciales  ae 
Gand,  Brussels,  Belgium. 

(32)  Memoires  et  Compte  Rendu  des 

Travaux,    Soc    Ing.    Civ.    de 
France,   Paris,   France. 

(33)  Le  Genie  Civil,  Paris,  France. 

(34)  Portefouille  Economique  des  Ifd- 

chines,   Paris,   France. 

(35)  Nouvellcs    Annales    de    la    Con- 

struction, Paris,  France. 

(36)  La     Revue     Technique,     Paris, 

France. 

(37)  Review     de     Mecanique,     Paris, 

France. 

(38)  Revue  Gcnerale  des  Chemins  de 

Per  et  des   Tramways,  Paris, 
France. 

(39)  Railway   Master  Mechanic,   CHii- 

cago,  111.,  10c 

(40)  Railway  Age,  Chicago,  III.,  10c 

(41)  Modem  Machinery,  Chicago,  111., 

10c 

(42)  Proceedings,     Am.     Inst.     Elect. 

Engrs.,  New  York  City,  60c 

(43)  Annales  des  Ponts  et  Chaussees, 

Paris,  France. 

(44)  Journal,  Military   Seryice   Insti- 

tution, Oovernor's  Island,  New 
York  Harbor,  60c 

(45)  Mines    and    Minerals,    Scranton, 

Pa.,  20c. 

(46)  Scientific    American,    New    York 

City,  8c 

(47)  Mechanical    Engineer,    Manches- 

ter, England. 

(48)  Zeitschrift,  Verein  Deutscher  In- 

genieure,  Berlin,  Germany. 

(49)  Zeitschrift  fUr  Bauwesen,  Berlin. 

Germany. 

(50)  Stahl  und  Eisen,  DQsseldorf,  Ger- 

many. 

(51)  Deutsche      Bauzeitung,      Berlin, 

Germany. 

(52)  Rigasche  Industrie- Zeitung,  Riga, 

Russia. 

(53)  Zeitschrift,  Oesterrelchischer  lu- 

genieur   und   Archltekten   Ver- 
ein, Vienna,  Austria. 
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(54)  Tranaactiona,    Am.    Soo.    G.    B.. 

New  York  City,  $6. 

(55)  Transactional    Am.    Boo.    M.    B., 

New  York  City.  |10. 

(56)  Tranaactiona,     Am.     Inst.     Min. 

Engrs.,  New  York  City,  $5. 

(57)  Colliery  Quardian,  London,  Bng- 

land. 

(58)  Proceedinga,   Bng.   Soc.   W.   Pa., 

410  Penn  Ave.,  Pittsburg.  Pa., 
50c. 

(59)  Tranaactiona^    Mining     Inst,     of 

Scotland,    London    and    New- 
castle-upon-Tyne, Bngland. 

(60)  Municipctl    Engineering,    Indian- 

apolis, Ind.,  25c. 

(61)  Proceedinaa.     Western     Railway 

Club.   226   Dearborn  St.,   Chi- 
cago, 111.,  25c. 

(62)  American  Manufacturer  and  Iron 

World,  59  Ninth  St..  Pittsburg, 
Pa. 

(63)  Minutes  of  Proceedinga,  Inst.  C. 

B..   London.   Bngland. 

(64)  Power.  New  York  City,  20c. 

(65)  O facial    Proceedinga,    New    York 

Railroad  Club,  Brooklyn,  N.  Y., 
15c. 

(66)  Journal  of  Oas  Lighting,  London, 

Bngland,  15c. 

(67)  Cement   and    Engineering   Newa, 

Chicago.  III..  25c. 


(68)  Mining    Journal,    London,    Eng- 
land. 

(70)  Engineering   Review,   New  York 

City.  10c 

(71)  Journal,    Iron    and    Steel    Inst^ 

London,  England. 

(72)  Street  Railway  Review,  Chlca^ 

30c. 

(73)  Electrician,     London.      Bngland. 

18c. 

(74)  Tranaactiona,   Inst   of  Mfn.  and 

Metal.,  London,  England. 

(75)  Proceedinga,      Inst.      of      Mccb. 

Engrs.,  London.  ESngland. 

(76)  Brick,  Chicago,  10c 

(77)  Journal,  Inst,  Blec  Engrs.,  Lon- 

don. England. 

(78)  Beton  und  Eiaen,  Vienna.   Aus- 

tria. 

(79)  Forscherarbeiten,    Vienna.    Aus- 

tria. 

(80)  Toninduatrie-Zeitung,  Berlin.  Ger- 

many. 

(81)  Zeitachrift   fUr   ArchiUJUur  wd 

Ingenieurweaen,        Wiesbaden. 
Cermany. 

(82)  Dinglera    Polytechniechea    Jomr- 

nal,  Berlin.  Germany. 

(83)  Progreaaive  Age,  New  York  City. 

16c. 


UST  OP  ARTICLES. 
Bridge. 

Assisted  Cantilever  Method  as  Applied  to  the  Erection  of  Permanent  Steel  Work 
for  the  Western  Maryland  Railroad,  Cumberland  Extension.     (8)   July. 

Widening  of  Orosyenor  Bridge;  L.,  Brighton  and  South  Coast  Railway.* 
(21)   Oct. 

Protection  of  Bridge  Floors  against  (Corrosion.*     (21)   Oct. 

The  Havre  de  Grace  Bridge  of  the  Pennsylvania  Railroad.^     (40)  Oct.  6. 

Recent  Bridge  Work  on  the  Nickel  Plate.*     Albert  J.  Himes.     (15)  Oct.  13. 

Erecting  a  Bridge  Truss  with  a  Gin  Pole.*     (14)   Oct.  14. 

The  Use  of  Derrick  Cars  in  Erecting  Long  Girders.*     (14)  Oct.  14. 

The  Key  West  Extension  of  the  Florida  East  Coast  Railway  (viaduct  construc- 
tion).    (13)  Oct.  19. 

The  Concrete  Railway  Viaduct  at  Cannington.*     (14)  Oct.  21. 

A  Through-TrusB  Short-Span  Double-Track  Bridge.*     (14)  Oct.  21. 

The  New  Croton  Dam  Bridge.*     (14)  Oct.  21. 

Steel  Railroad  Bridges.  (Kept,  of  Com.  on  Steel  Bridges  of  the  Assoc,  of  Ry. 
Supts.  of  Bridges  and  Buildings.)   (14)  Oct.  21. 

Reconstruction  of  Viaduct  Foundations  with  Concrete  Piles:  Norfolk  and 
Western  Ry.*      (13)   Oct.  26. 

Reinforcing  the  Poughkeepsle  Bridge.      (14)   Oct.  28. 

Reinforced  Concrete  Structures  for  Railroads.      (14)  Oct  28. 

Zur  Theorle  der  Versteiften  Hilngebrlicken  mit  Drei  Oeffnungen.*  V.  v. 
Friedricha.      (52)   Sept.  15. 

Berechnung  Doppelt  Bewehrter  oder  mit  Profileisen  Versehener  Betonetsea- 
tr&ger.*     (78)   Serial  beginning  Oct. 

Die  Bisenbahnbrticke  Ober  die  Havel  be!  Brandenburg.*  Karl  Bembard. 
(48)   Oct.  14. 

Blectrlcai. 

Test  of  Electric  Passenger  Elevators  in  the  Park  Row  Building,  New  York  City. 
G.  A.  Balz,  G.  L  Branch  and  T.  E.  Landvoigt.     (8)  July. 

On  the  Ratio  between  Thickness  and  Dielectric  Strength  of  Higb-Tenslon  In- 
sulating Materials.     C.  Kinzbrunner.  (73)  Serial  beginning  Sept.  29. 

The  Alternating  Current  Generator.     David  B.  Rushmore.     (3)  (>ct. 

Insulating  Paints.*     Arthur  B.  Weeks.     (72)  Oct 

The  Utah  Light  &  Railway  Co.*     O.  A.  Honnold.     (72)  Oct 

Some  Experiences  with  Lightning  Protective  Apparatus.*  Julian  C.  Smitk. 
(42)  Oct. 

Note  on  Lightnlng-Arresters  on  Italian  Hlgh-Tenslon  Transmission  Lines.* 
Philip  Torchlo.      (42)  Oct. 


•Illustrated. 
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Electrical— (Cootinacd). 

Blectric  Motors  and  Their  AppllcatlonB.*  W.  Edgar  Reed.     (58)  Oct.  ^  ,    ^ 

Tlie  Insulation  of  Overhead  LlneB.*     W.  B.  Esson.     (12)  Serial  beginning  Oct.  6. 

A  20,000- Volt  Power  Transmission  Scheme.*     (78)  Oct.  6.  ^     .  .  ^  _. 

Waterside  Station  No.  2  of  the  New  York  Edison  Company.*  (73)  Serial  begin- 
ning Oct.  6. 

New  Steam  Turbine  Power  Plant  of  the  Detroit  Edison  Company.*     (14)  Oct  7. 

The  Radcllffe  Power  Station  of  the  Lancashire  Electric  Power  Company.  (22) 
Oct.  13. 

The  Moscow-Road  Sub-Station  of  the  Metropolitan  Electric  Supply  Co..  (78) 
Oct.  13.  .      ^ 

Lancashire  Electric  Power  Co.'s  System  of  Generation  and  Distribution.* 
(73)  Oct.  13. 

The  Design  of  Multlple-Coll  Windings.*     Charles  R.  Underbill.     (27)  Oct.  14. 

Orerhead  Construction.*     Robert  N.  Tweedy.     (26)  Serial  beginning  Oct.  20. 

The  New  Ferranti  Switch  Gear.*     (73)  Oct.  20. 

A  Proposed  Phase  Regulator  and  Its  Applications.*  P.  G.  Watmough,  Jn 
(27)   Oct  21. 

Development  of  the  Necaza.  Mexico.  Water  Power.*      (27)  Oct.  28. 

Dynamo  Heating  Time  Constants.     A.  Press.     (27)   Oct.  28. 

Blectric  Storage  Battery  Engineering.*     J.  Lester  Woodbrldge.     (10)  Nov. 

L'Ascenseur  BlectrlQue  du  Burgenstock  (Suisse).*     P.Chlgnaterie.     (33)  Oct.  21. 

Le  R6sau  de  Distribution  Electrique  de  la  Vllle  de  Hambourg.*     (33)  Oct.  21. 

Msrinc. 

A  New  Type  of  Marine  Fire-Tube  Boiler.     (12)  Oct.  6. 

The  Electric  Steering  Qe&r  of  the  Turbine  Steamer  Manxman*     (19)  Oct.  7. 

The  Action  of  Capped  Armour-Plercing  Shell.*     Eugen  Kodar  v.  Thumwerth.     (Tr. 

from  Mitteilungen  aua  dem  Oehiete  dea  Beeweaena.)     (22)  Oct  20. 
Steam  Turbines  as  Applied  to  Ocean  Liners.     J.  Harvard  Biles.      (Paper  read 

before  the  British  Assoc,  for  the  Advancement  of  Science.)      (13)  Oct.  26. 
Schlick's  Pallograph.*     (82)  Serial  beginning  Oct  14. 

Mechaolcal. 

Method  of  Computing  the  Amount  of  Superheating  of  Steam  in  the  Cylinder  of 

a  Superheated  Steam  Engine.     D.  S.  Jacobus.     (8)   July. 
Hydraulic  Pressing.   Stamping,   and  Forging  Machinery.     F.  W.    Steele.      (Ab- 
stract of  Paper  read  before  the  Liverpool  Eng.  Soc.)      (47)  Serial  beginning 

Sept.  80. 
The  New  Manufacturing  Plant  of  the  B.  F.  Sturtevant  Co.,  Hyde  Park,  Mass.* 

(70)     Oct. 
Modem  Boiler  House  Equipment.*     Franz  Koester.     (72)  Oct. 
The  Old  and  the  New  Works  of  the  Portsea  Island  Gaslight  Company.*      (66) 

Serial  beginning  Oct.   3. 
The  Central   Heating  and  Electric  Lighting  Station   at   Dresden.*    (12)    Serial 

beginning  Oct  6. 
Electric  Charging  Machinery  for  Gas  Retorts.*      (11)  Oct.  6. 
Lime  Burning  with  Producer  Gas.*     (14)  Oct.  7. 

Steam   and   (Jas-Engine  Breakdowns.     Michael   Longrldge.      (47)    Serial  begin- 
ning Oct  7. 
The  Dessau  Vertical  Retort- Settings  and  the  Appolt  Coke-Oven   of  Twenty- two 

Vertical  Retorts  at  the  Blanzy  Mines.*     M.  Marie.      (Tr.  from  Bulletin  de 

la  Soci4t6  de  I'Industrie  Minfirale.)      (66)  Oct  10. 
The  Henry  R.  Worthlngton  Hydraulic  Works,  at  Harrison,  N.  J.     (20)  Oct  12. 
Belt  Coal  Conveyors.*     Francis  H.  Davies.     (26)  Oct.  13. 
Messrs.   Rlchardsons,  Westfcarth   and  Co.'s  Steam-Turbine  Works.   Hartlepool.* 

(11)   Oct  13. 
The  New  Shops  of  the  Watson- Stillman  Co.*      (14)   Oct.  14. 
Lignite  Producer-Gas  Plants.*    Alfred  Gradenwltz.     (19)  Oct  14. 
Natural  and  Induced  Draught.     John  W.  Cobb.      (Abstract  of  Paper  in  Journal 

Soc.  Chem.  Ind.)      (16)  Oct  14. 
Trials  of  a  500  B.  H.  P.  Diesel  Oil   Engine.     Michael  Longrldge.    (47)    Serial 

beginning  Oct  14. 
Benches  with  Vertical  Retorts  at  the  Works  of  the  Deutsche  Continental  Gas 

Oe«iellRchaft    in    Dessau,    Germany.*      J.    Bueb.      (Tr.    from    the    (German.) 

(83)   Oct.  16. 
The  Analysis  of  Raw   and    Spent   Lime    (In   gas   manufacture).     H.   Leicester 

Grevllle.      (66)    Oct   17. 
The  Expansion  of  Wet  Steam.     Robert  H.  Smith.     (12)  Oct  20. 
Dissolved  Acetylene.      (12)    Oct  20. 

The  Works  of  the  Kosmos  Portland  Cement  Co.     (14)  Oct.  21. 
A  Discussion  of  Large  Gas  Engines.      (14)  Oct.  21. 
The  Removal  of  Naphthaline  from  Coal  Gas.     Alfred  H.  White  and  David   H. 

Clary.      (Paper  read  before  the  Michigan  Gas  Assoc.)      (24)   Oct.  23. 
The  Power  Plant  for  the  New  Wanaraaker  Store.  Philadelphia.*      (14)  Oct  28. 
A  Producer-Gas  Power  Plant.     (14)  Oct  28. 

*  Illustrated. 
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Steam  Boilere  of  the  Past  and  the  Present.*     Egbert  Pomeroy  Watson.     (9)  Not. 
A  Study  of  the  Corrosion  of  Condenser  Tubes.*  A.  Humboldt  Sexton.     (9)  N 
Locomotive  Cranes  as  Labour  Savers.*     Lewis  Glasgow  Hewlett.     (10)  Nov. 


Designing  Machinery  to  Facilitate  Repairs.     Joseph  Homer.     (10)  Not. 
Conversion  of  Heat  into  Work  by  Adlabatlc  Expansion.    A.  M.  Levin.     (64)  Not. 
Design.  Construction  and  Application  of  Large  Gas  Engines  in  Europe.*     Frans 

Erich  Junge.     (64)   Serial  beginning  Nov. 
Long  Steam  Line  Construction.     O.  W.  Barager.     (64)  Nov. 
The  Abatement  of  the  Smoke  Nuisance.     R.  P.  King.      (Paper  read  before  the 

League  of  Amer.  Municipalities.)      (60)  Nov. 
Tar  Burning  in  Gas  and  Electric  Plants.*     R.  A.  Field.     (83)    Serial  beginning 

Nov.  1. 
Gas  Tars.     P.  W.  Pnitzman.     (Paper  read  before  the  Pacific  Coast  Gas  Assoc.) 

(83)    Nov.   1. 
Ludlow's  First  Successful  Flight.*     (46)  Not.  4. 

Tour  de  2m.  745  de  Hauteur  de  Pointes.*     J.  Gamier.     (33)  Sept.  80. 
Influence  des  Bnveloppes  sur  le  Fonctionnement  des   Machines  4  Vapeur.*  F. 

Hofer.     (33)  Oct.  7. 
Die   Bewegungsverh&ltnisse  von   Steuergetrleben  mlt   unrunden   Schelben.*      W. 

Hartmann.     (48)  Serial  beginning  Sept.  30. 
Schwlmmkran  von  60t.  Tragf&higkeit.*     W.  Pickersgill.     (48)    Sept.  80. 
Gheschlchte    und     Fabrikation     Gezogener    Gasrohre.*       Anton    Bousse.       (00) 

Serial  beginning  Oct.  1. 
Elnfluss   des  Rauchschlebers   auf  den   Gang  der  Feuerung.     N.   Peters.      (80) 

Oct.  17. 
Untersuchung  der  Gasstrdmung  in  der  Laval-DUse  in  dem  Falle,  als  der  Druek 

an  der  Engsten  Stelle  Hoher  als  der  Krltlsche  1st.*     Adolf  Langrod.      (83) 

Serial  beginning  Oct.  20. 
Ein  Beitrag  sur  Beurteilung  der  Sfteorgane  an  Drillmaschinen.*     Gustav  Fischer. 

(82)  Oct.  21. 
Die   Genaue    und    die   Angenftherte    Schwungradermittlung.*      R.    Proell.      (48) 

Oct.  21. 

Metallurgical. 

Cleaning  Blast-Furnace  Gas.*     Axel  Sahlln.     (10)  Oct. 

The  Huntington-Heberleln  Process  from  the  Hygienic  Standpoint.  A.  Blernbaum. 

(Tr.    from    the    Zeitschrift  fUr  dtu  Berg-  Hutten-    una    acUinenweaen    im 
PreuM.    ataate.)     (16)   Oct.  14. 
The  Tonopah  Mining  Co.'s  Mill.*     S.  A.  Worcester.     (16)  Oct.  14. 
The  KJellin  Electric  Steel  Furnace.*     (20)  Oct.  19. 
The  Carmlchael-Bradford  Process.*      (16)   Oct.  28. 
Lead-Smelting  at   Monteponl,   Sardinia.*      Brminlo  Ferraris.      (Tr.   from   Oest. 

Zeit.  f.  Berg-  und  HUttenweaen.     (16)  Oct.  28. 
Beitr&ge    sur    Kenntnis    der    Zwel    Kohlenstofformen    im    Bisen    'Temperkohle" 

und  "Graphlt."     F.  Wtlst  and  C.  Geiger.     (50)  Serial  beginning  Oct.  1. 

Mining. 

Width  of  Room  and  Pillar  (in  Mines).*     (45)  Oct. 
Electric  Hoist  at  the  Tlremande  Colliery.*     Emile  Guarini.     (45)  Oct. 
NouTelles  Experiences  sur  les  Lampes  de  Suret6  Faites  k  la  Station  d'Bssais  de 
Frameries  (Belgique).*     H.  Schmerber.     (33)  Serial  beginning  Oct.  21. 

Mlscellaneoas. 

The  Relation  of  the  Engineer  to  the  Architect.     (14)   Oct.  14. 
The  College  Education  of  the  Engineer.     William  Kent.      (Presidential  address 
before  the  Technology  Club.  Syracuse,  N.  Y.)      (13)  Oct.  19. 

Moniclpal. 

Terre  Haute  Brick  and  Asphalt  Streets.*     (76)   Oct. 

Municipal  Franchises.     (Rept.  of  Com.  of  Amer.  Soc.  of  Mun.  Impvts.)     James 

Owen  and  John  R.  Barlow.     (60)  Nov. 
Specifications  as  to  Effect  of  Water  upon  Asphalt.     Andrew  Rosewater.      (60) 

Nov. 

Railroad. 

Electrification  of  Railways.*     H.  W.  Wilson.     (Paper  read  before  the  LlTerpool 

Bng.   Soc.)      (47)    Serial   beginning  Sept.   30. 
New  4-4-0  Type  Locomotives  Caledonian  Railway.*     (21)  Oct. 
Bow  to  EastjHam  Widening;  London,  Tilbury  and  Southend  Railway.*     ChtM,  S. 

Lake.     (21)   Serial  beginning  Oct. 
The  UUh  Light  A  Railway  Co.*  O.  A.  Honnold.     (72)  Oct. 
Compressed  Air  Locomotives  in  the  Anaconda  Copper  Mining  Company's  New 

Reduction  Works  at  Anaconda.  Montana.  U.  S.  A.*     C.  B.  Hodges.     (10)  Oct. 

*  Illustrated. 
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Railroad— (Continued) . 

The  Quality  and  Utility  of  Solid,  Flexible  and  Hollow  Staybolts,   In  Iron  and 

Copper.     John  Livingstone.     (65)   Oct.  .^.   ^  . 

Compound  Mogul  with  Superheater:  M.,  St.  P.  &  9.  St.  M.  Ry.*     (39)  Oct. 
Rail-Motor  Carriages;  London  and  North-Western  Railway.*      (21  >   Oct. 
81x-Coupled  Passenger  Locomotive,  London  and  North-Western  Railway.'     (IZ) 

Compound  Articulated  Locomotive  for  the  Northern  Railway  of  Prance.*     H.  W. 

Hanbury,  Assoc.  M.  Inst.  C.  E.  (II)  Oct.  6.  ,.«•.«. 

Some  Through  Plate-Girder  Bridges,  New  York,  New  Haven  ft  Hartford  R.  R.* 

(14)  Oct.  7.  ^  .      .     ^  « 
Slide  versus  Piston  Valves  for  Locomotives.     L.  S.  Allen.      (Abstract  of  Paper 

read  before  the  Travelling  Engineers'  Assoc.)      (47)   Oct.  7. 
South  Louisville  Shops.  Louisville  ft  Nashville  R.  R.*     (18)  Oct.  7. 
Balanced  Compound  for  Pennsylvania  Lines.*      (18)  Oct.  7:   (40)  Oct.  13. 
The  Cost  of  Stopping  Trains,  Compared  with  the  Cost  of  Maintenance,  Operation 

and  Inspection  of  Interlocking  Plants.*     J.  A.  Peabody.      (Paper  read  before 

the  Ry.  Signal  Assoc.)      (13)    Oct.   12;    (15)    Oct.  13;    (40)    Oct.   13;    (18) 

Oct.  14. 
Bast  Ivory  Car  Perry  of  the  Missouri  Pacific*    (15)  Oct.  13. 
Lackawanna  Locomotive  with  Schenectady  Superheater.*     (15)  Oct.  13. 
Blectric  Circuits  for  Manual  Block  Signal  Systems.*      (Com.  Rept.  of  Ry.  Signal 

Assoc.)      (18)   Oct.  14. 
Completion  of  Twin  Tunnels  under  Hudson  River.*      (19)    Oct.   14. 
Blectric  Traction  for  Railroad  Service.     J.  A.   Shaw.      (Paper  read  before  the 

Can.  Ry.  Club.)      (14)   Oct.  14.  ,^    ,  ^       ^^^^ 

Niagara    Electric    Power   for    Steam   Railways   of   Western    New    York.*      (18) 

Oct.  14. 
Repair  Shops  of  the  Aurora.  Elgin  ft  Chicago  Ry.*   (18)  Oct.  14. 
Articulated  Locomotives.*     Chas.  S.  Lake.     (47)    Oct.  14. 
The  Design,  Construction,  Efficiency  and  Maintenance  of  Signal  Lamps.     (Rept. 

of  Com.  of  Ry.  Signal  Assoc.)      (13)   Oct.  19. 
Prairie  Type  Engine  for  the  Chicago.  Burlington  ft  Qulncy.*      (15)  Oct.  20. 
Terminal  Improvements  of  the  New  York  Central  ft  Hudson  River  In  New  York.* 

G.  R.  Wadsworth.      (15)   Oct.  20. 
Locomotives  at  the  Li6ge  Exhibition.*     H.  W.  Hanburv.     (11)   Oct.  20. 
"Prairie"    Type    Locomotive:    Lake    Shore    and    Michigan    Southern    Railroad.* 

(12)  Oct.  20. 
London  ft  Northwestern  Steam  Motor  Cars.*      (40)   Oct.  20. 
Rubber-Covered  Wire   (for  signals).      (Rept.  of  Com.  to  the  Ry.  Signal  Assoc.) 

(15)  Oct.  20. 

The  European  Single- Phase  Railways.*      (27)   Oct.  21. 

The  Tauern  Railroad  from  Schwarzach  to  Bad  Gastein.*     Emil  S.  Pischer.     (18) 

Oct.  21. 
The  Toledo  ft  Indiana  Railway.*     (17)  Oct.  21. 
An  Unprecedented  Railway  Situation.      (New   York,   New  Haven   and   Hartford 

R.  R.)     Prank  J.  Sprague.     (17)   Oct.  21. 
Concrete     Building     Construction.     Including     Platforms.       (Railroad     Work.) 

(Rept.  of  Com.  of  Assoc,  of  Ry.   Supts.  of  Bridges  and  Buildings.)      (13) 

Oct.  26. 
Rebuilding  the  Cairo  Division  of  the  Big  Pour.*   (15)  Oct.  27. 
Heavy  Passenger  Locomotive  for  Lackawanna.*     (40)   Oct.  27. 
Tests  of  the  New  Westinghouse  Brake  Fixtures  on  the  Lake  Shore  ft  Michigan 

Southern.*      (40)   Oct.  27;    (18)   Oct.  28. 
The  Berlln-Zossen  Tests  of  1902.*     (17)  Oct.  28. 
A    Central    Compressed    Air    Power    Plant    for    Heavy   Railroad    Construction.* 

Lucius  I.  Wightman.     (14)  Oct.  28. 
East  Moline  Locomotive  Shops :  Rock  Island  System.     (25)  Nov. 
50-Ton  Steel  Twin  Hopper  Gondola  Car.*   (25)   Nov. 
10- Wheel  Passenger  Locomotive :  Delaware,  Lackawanna  ft  Western  Railroad.* 

(25)  Nov. 
Vauclain   4-Cyllnder    Balanced   Compound   Atlantic  Type   Locomotive:   Chicago, 

Rock  Island  ft  Pacific  Railway.*     (25)  Nov. 
Railway   Rates ;    an    Experiment    in   Rate- Making   on   an    Inter  urban   Railway. 

Wm.  D.  Marks,  M.  Am.  Inst.  B.  B.     (13)  Nov.  2. 
Protecting  Railway  Water  Tanks  from  Preezing.*     (Com.  Rept.  to  the  Assoc  of 

Ry.  Supts.  of  Bridges  and  Bldgs.)      (13)  Nov.  2. 
Proposed  Concrete  Ploors  for  Railway  Bridges  and  Tracks.*     J.  W.  Schaub,  M. 

Am.  Soc  C.  E.     (13)  Nov.  2. 
The  Installation  of  Blectric  Traction  on  the  Long  Island  R.  R.*     (13)  Nov.  2. 
Electrification  of  the  Long  Island  Railroad.*     S.  D.  V.  Burr.     (20)  Nov.  2. 
The  Electrification  of  the  Long  Island  Railroad.*     (15)  Nov.  8. 
Concrete  Ploors  without  Ballast  for  Bridges  and  Roadway.*     (15)   Nov.  8. 
Traction  Blectrlque  par  Courant  Altematif  Monophasd  Tranaformd  but  la  Loco- 
motive en  Courant  Contlnu.*     M.  Auvert.     (38)  Oct. 
Explosion   d'une   Chaudidre   de   Locomotive   &   la   Gare   Saint- Lazare    (Parts).* 

(33)  Oct.  14. 

*Illustrated. 
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Railroad,  Street. 

Track  and  Track  Tools  of  the  Philadelphia  Rapid  Transit  Co.*      (72)   Oct. 

The  Works  of  J.  Q.  Brill  Co.,  Philadelphia.*     (72)  Oct. 

The  New  York  Rapid  Transit  Railway.*      (12)    Serial  beginning  Oct.  18. 

Hastings  Electric  Tramways.*      (73)   Oct.  13;    (26)   Oct.  13. 

The    Power   Plant   of   the    Boston   ft   Worcester   Street   Railway.*      Howard    8. 

Knowlton.      (14)   Oct.  14. 
The  Missouri  River  Power  House  of  the  Metropolitan  Street  Railway  Company. 

Kansas  City,  Missouri.*     F.  G.  Cudworth,  Assoc.  M.  Am.  Soc.   0.  B.      (13) 

Oct.  19. 
Notes  on  Power  Station  Design.     Fred  N.  Bushnell.     (Extracts  from  Paper  read 

before  the  Amer.  St.  Ry.  Assoc.)      (14)   Oct.  21. 
Some  Interesting  Track  Construction  with  Tee  and  Qirder  Ralls  In  Battle  Creek 

and  Kalamazoo.*      (17)   Oct.  28. 
Die    Blnflihrung    des    Elektrlschen    Betrlebes    be!    den    Verelnlgten    Londoner 

Stadtbahnen.*     K.  Meyer.     (48)  Oct.  7. 

Saaltary. 

Drain  Tile  Laying.     Gilmer  Slier.      (76)    Serial  beginning  Oct. 

Improving  the  Hot  Water  Supply  of  the  Hotel  Shoreham,   Washington,  D.  C* 

(70)  Oct. 
Construction  of  a  Submerged  Outfall  Sewer.*      (14)   Oct.  14. 
Heating  System  of  the  Squadron  C  Armory,  Brooklyn,  N.  Y.*     J.  Byers  Hoi- 

brook.      (14)   Oct.   14. 
Septic  Tanks  and  Double  Contact  Beds  at  Burnley,  England.     (13)  Oct.  26. 
Cost  of  the  Chicago  Drainage  Canal.     (13)  Oct.  26. 
Breakage  In   Sewer   Pipes.      (14)    Oct.   28. 
Sewage   Purification    at   the   Eastern    Indiana    Hospital    for   the    Insane.      (14) 

Oct.  28. 
Die  Lttftungsanlagen   belm    Baue    der    Grossen    Alpentunnels.*      Karl    Brabbte. 

(53)  Oct.  6. 

Stnictaral. 

The  Manufacture  of  Concrete  Blocks  and  Their  Use  In  Building  Construction.* 

Wm.  M.  Torrance.     (13)   Oct.  12. 
The  Elastic  Properties  of  Steel   at  High  Temperatures.*      Bertram  Hopklnion, 

M.  Inst.  C.  E.,  and  F.  Rogers.     (62)  Oct.  12. 
The  Manufacture  and  Properties  of  Hollow  Concrete  Blocks.      (14)  Oct.  14. 
The  New  Philadelphia  Building  Regulations  for  Concrete  Blocks.     (13)  Oct.  19. 
Laying  Concrete  under  Water.      (14)    Oct.   21. 
Gallery    Construction,    Christ    Church    Memorial    Building,    New    York.*       (14) 

Oct.  21. 
Steel  Sheet  Piling  for  a  Boiler  Room  Excavation.*     (14)   Oct.  21. 
Coaling  Tower  Foundations  of  the  Union  Electric  Light  &  Power  Co.,  St.  Louis.* 

(14)   Oct.  21. 
Construction  Details  of  a  Modern  Gas-Holder.*     (13)   Oct.  26. 
The  Manufacture  of  Concrete  Blocks  and  Their  tJse  in  Building  Construction. 

(13)   Serial  beginning  Oct  2G. 
Structural  Features  of  the  New  Buildings  at  the  New  Orleans  Naval  Station.* 

L.  F.  Bellinger.      (14)    Oct.  28. 
Reconstruction  of  the  Mercantile  Building,  New  York  City.*     (14)  Oct.  28. 
Building  Regulations  of  Concrete  Blocks.     (60)  Nov. 
ProBtproben  mit  Kalksandsteinen.     E.  Schleler.     (80)  Sept.  28. 
Das  Neue  Rathaus  In  Leipzig.*     (51)   Serial  beginning  Sept  80. 
Silobau  aus  Blsenbeton  fUr  die  Zellstoffabrik  Waldhof  bei  Mannheim.*     S.  Sor. 

(78)    Oct 
Spannungen    in    Schornsteinen    mit    Kreisringquerschnitt.      R.    Saliger.       (78) 

Serial  beginning  Oct. 
Die   Berechnung   der   Eisenbetons&ulen   und  die   Neuesten  Versuche.*      MOrech. 

(51)  Oct  4. 
Untersuchungen  Ober  die  Bildsamkeit  der  Tone.*     B.  Zschokke.     (80)  Oct.  12. 
Verfahren  zum  Nachwelse  Schadlicher  Mengen  von  Gips  in  Portlandzement     (80) 

Oct.  14. 
Die  Verstarkung  der  Fundamente   der   Alexander-Kirche  in   Zwelbrlicken  1.   d. 

Pfalz.*     Carl  Doflein.      (51)   Oct  25. 

Water  Supply. 

Tests  of  Large  Meters  and  Fire-Service  Devices.     William  F.   Sullivan.      (28) 

Sept 
Fire-Service  Meters.     E.  V.  French.     (28)   Sept. 
Report  of  the  Committee  on  Meter  Rates.     (28)   Sept. 
The  Sanitary  Protection  of  Water  Supplies.     Kenneth  Allen.     (3)   Oct. 
Water   Softening:    Chemical   Compounds   found   in  Water;    Proper  Amounts   of 

Lime  and   Soda  to  be  Added  to  Water  for  Softening.     Edwin  Higgins,   Jr. 

(45)  Oct 
The  Mechanical  Filters  at  Youngstown.*      (14)  Oct.  7. 

*  Illustrated. 
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l¥ater  Su|>ply— (Continued). 

Water  Power  Plants  on  the  Apple  River,  Wisconsin.*     (13)  Oct.  12. 

The  New  Intake  of  the  Brie  water- Works.*     (14)  Oct.  14. 

The  Riverdale  Plant  of  the  Apple  River  Power  Co.*     (14)  Oct.  14. 

Irrigation  Engineering.     Sir  Hanbury  Brown.     (12)  Serial  beginning  Oct.  20. 

The  Baden  Reservoir  of  the  St.  Louis  Water- Works.*     (14)  Oct.  21. 

A  Novel  Steel  Tower  and  Concrete  Platform  for  a  Wood  Stave  Water  Tank.* 

Charles  Worthington,  M.  Am.  Soc.  C.  B.      (13)   Oct.  26. 
The  Turbine  Pumping  Plant  of  the  Buffalo  Water  Works.     (14)  Oct.  28. 
Development  of  the  Necaza,  Mexico,  Water  Power.*      (27)   Oct.  28. 
Protection  of  Water  Tanks  from  Action  of  Frost.*     (Prom  a  Com.  Rept.  to  the 

Assoc,  of  Ry.  Supts.  of  Bridges  and  Buildings.)      (18)  Oct.  28. 
The  Discharge  of  Water  Through  Street  Taps  and  House  Service  Pipes.     Wm. 

Paul  Gerhard.     (10)  Nov. 
Fire  Department  Water  Supply.     Charles  Arthur  Hague.      (Paper  read  before 

the  League  of  Amer.  Municipalities.)      (60)   Nov. 
Formules  Nouvelles   Odnfirales  pour  le  Calcul  des  Turbines  Hydrauliques.     V. 

Albitsky.     (Tr.  by  A.  I.  Golmann.)      (37)   Oct. 
Bau  elner  Bntelsenungsanlage  in  Richmond,  Va.    W.  Kiersjted.     (78)  Oct. 
Theorie   imd    Berechnung   der   Vollturbinen   und   Kreiselpumpen.*      H.    Loreni. 

(48)  Oct.  14. 

Waterways. 

The  Present  Status  of  the  Panama  Canal.     Fullerton  L.  Waldo.     (14)   Oct.  7. 

A  Lighthouse  of  Reinforced  Concrete.*     (19)  Oct.  14. 

New  Graving  Dock  at  Southampton.*     (11)  Oct.  20;  (12)  Oct.  20. 

Dredging  and  Dredging  Appliances.*     Brysson  Cunningham.     (10)   Nov. 

The  First  Year's  Preparatory  Work  on  the  Panama  Canal.     John  F.  Wallace. 

(9;   Nov. 
La  Defense  des  Cotes  centre  I'Erosion:  Travaux  de  Bridlington   (Angleterre).* 

(33)   Sept.  80. 
Outillage  de  la  Nouvelle  Entr6e  du  Port  de   Saint-Nazaire.*     Ldon  Griveaud. 

(35)    Serial   beginning  Oct. 
Grille  pour   I'Bnldvement  Automatique  des  Matidres   Charrides  par   les   Bauz.* 

(33)    Oct.   14. 
Portes  Flottantes   des   Nouvelles  Formes  de  Radoub   du  Port  de  Kiel.*      (33) 

Oct.    14. 
Wiederherstellungsarbeiten   und    Neugrtindungen   unter    Wasser   mit   Hilfe   von 

Zement-Einpressung.*      (51)    Oct.  7. 
Uber    die    Ausgestaltuzig    des    Hafens    von    Tt'iest    nach    dem    Projekte    1908.* 

Nftndor  N&dory.     (53)   Serial  beginning  Oct.  13. 

*  Illustrated. 
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THE    INSPECTION    OF    TREATMENT    FOR    THE 
PROTECTION  OF  TIMBER  BY  THE  INJECTION 

OF  CREOSOTE  OIL. 


By  H.  R.  St.\nford^  M.  Am.  Soc.  C.  E. 
To  BE  Presented  December  20tii,  1905. 


The  principal  features  incident  to  the  treatment  of  timber  Vy 
the  creosoting  process  are  the  character  and  quantity  of  oil  whidi 
is  injected.  This  paper  treats  only  of  the  quantity  of  oil,  and  is 
based  upon  tests  and  observations,  made  by  the  writer,  upon  yellow 
pine  treated  for  use  in  engineering  structures  in  Pensacola  Bay. 

The  depth  of  penetration  and  the  quantity  of  injection  determine 
the  extent  to  which  creosote  oil  protects  timber  against  both  decay 
and  the  attack  of  sea  worms.  The  cost  of  the  treatment  is  measured 
very  closely  by  the  quantity  of  the  injection,  the  disproportionate 
labor  required  for  low  treatments  being  largely  offset  by  the  in- 
creased time  required  by  the  plant  for  high  treatments.  The  usual 
specification  stipulates  the  required  quantity  of  injection  in  terms 
of  pounds  of  oil  per  cubic  foot  of  material. 

The  depth  of  the  injection  appears  to  be  limited  by  the  depth  of 
the  sap  wood,  and  the  impregnation  of  the  sap  wood  appears  to  be 

NoTB. — ^These  papers  are  Issued  before  the  date  set  for  presentation  and  dia- 
cusRlon.  Correspondence  is  invited  from  those  who  cannot  be  present  at  th« 
meeting,  and  may  be  sent  by  mall  to  the  Secretary.  Discussion,  either  oral  or 
written,  will  be  published  in  a  subsequent  number  of  Prooeedinga,  and.  when 
finally  closed,  the  papers,  with  discussion  in  full,  will  be  published  in  Trwisactiotu* 
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iiniform,  regardless  of  the  quantity  of  oil  which  may  be  injected. 
!Heart  wood  is  practically  impervious  to  oil.  Timber  having  a 
maximum  of  sap  wood  is  best  suited  for  treatment  by  the  creosoting 
process,  and  uniformity  in  the  character  of  all  timber  to  be  used 
for  any  one  construction  is  very  essential,  in  order  to  obtain  the 
uniform  treatment  of  all  members  necessary  for  the  maximum 
efficiency  and  durability  of  the  completed  structure.  Creosoted  ma- 
terial is  poorly  adapted  to  resist  abrasive  forces,  as  the  sap  wood  is 
soft  and  friable,  and  the  heart  wood  readily  splinters  or  disin- 
tegrates in  bundles  of  fibers. 

The  volume  of  the  material  to  be  treated  is  the  accepted  basis  for 
the  determination  of  the  quantity  of  oil  which  shall  be  injected. 
The  volume  of  dimension  material  can  be  obtained  readily  and 
accurately;  the  volume  of  piling  is  computed  after  measuring  the 
<3iameters  of  the  tips  and  butts,  and  the  lengths,  of  the  various 
piles,  and  assumes  that  the  taper  from  butt  to  tip  is  uniform.    The 
actual  measurement  of  each  piece  of  material,  and  the  calculation 
of  the  actual  volumes,  is  a  rather  tedious  and  monotonous  task,  and 
is  frequently  avoided  by  the  attendant  guessing  the  volume,  or,  as 
he  would  say,  he  "estimates  the  volume,  from  his  experience."    The 
guessing  method  should  never  be  permitted,  as  the  volumes  thus  ob- 
tained are  almost  certain  to  be  in  error,  with  the  result  that  uni- 
formity  of  treatment  is   sacrificed.     The  assumption   that   piling 
tapers  imiformly  from  end  to  end  is  not  always  justified;  as  an  ex- 
ample, the  volume  of  a  pile  80  ft.  in  length,  chosen  at  random,  was 
found  to  be  69.0  cu.  ft.  if  considered  as  tapering  uniformly,  whereas 
it  amounted  to  62.7  cu.  ft.  when  calculated  from  circumferential 
measurements  made  at  the  ends  and  three  intermediate  points,  show- 
ing an  excess  of  nearly  6.3%  in  the  actual  volume,  as  compared  with 
the  theoretical  volume. 

The  quantity  of  water  which  is  mixed  with  the  oil  to  be  injected 
is  a  factor  which  is  ^ven  very  little  consideration  by  inspectors  or 
by  the  creosoting  works.  The  oil  commonly  used  is  about  4%  heavier 
than  water  at  a  temperature  of  100°  fahr.,  and  any  water  which 
may  be  mixed  with  the  oil  can  only  be  removed  with  considerable 
difficulty.  The  oil,  when  delivered  at  the  creosoting  works  from  the 
refinery,  is  usually  carefully  analyzed  preliminary  to  acceptance, 
but,  afterward,  the  presence  of  water  appears  to  be  of  less  concern. 
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and,  unfortunately,  cannot  be  detected  by  either  the  casual  inspec- 
tion of  the  mixture  before  injection  or  of  the  treated  timber  after 
injection.  The  writer  on  two  occasions  has  found  as  much  as  19% 
of  water  in  oil  which  it  was  proposed  to  use  for  his  work,  and  in  one 
instance  there  was  24%  of  water.  It  is  not  believed  that  water  was 
deliberately  mixed  with  the  oil,  but  its  addition  was  probably 
£^adual  and  a  natural  result  due  to  three  principal  causes,  namely: 
leakage  in  the  steam  coils  used  for  keeping  the  oil  liquid  while  in 
storage,  leakage  in  the  heating  coils  in  the  treating  cylinders  during 
the  injection  of  oil,  and  the  gathering  of  moisture  from  the  loads 
and  from  the  treatment  cylinders  by  the  surplus  oil  which  is  ad- 
mitted to  the  cylinders  during  treatment  and  which  is  afterward 
returned  to  storage.  Dilution  is  a  feature  which  is  not  given 
sufficient  care  by  superintendents,  their  excuse  having  been  that 
they  had  been  too  busy  to  consider  wat^. 

Heat  applied  during  the  treatment  appears  to  be  the  only  feature 
of  the  creoeoting  process  which  affects  the  strength  of  the  timbo* 
under  treatment,  and  the  maximum  temperature  should  be  the  least 
which  is  consistent  with  the  required  injection.  The  process  sub- 
jects the  material  to  heat  during  the  entire  period  of  treatment,  but 
the  maximum  temperature  occurs  during  the  initial  or  steaming 
process.  The  pressure  of  the  steam  applied  determines  the  length 
of  the  steaming  process,  also  the  degree  to  which  the  succeeding 
vacuum  extracts  moisture  and  sap  from  the  load,  and  has  a  direct 
bearing  upon  the  total  period  of  treatment  and  the  capacity  of  the 
load  to  take  oil.  Kesults  at  the  Pensacola  Navy  Yard  indicate  that 
yellow  pine  piling  which  was  subjected  to  a  steam  pressure  of  40  lb. 
was  very  much  more  brittle  and  friable  than  was  similar  piling 
treated  with  the  same  quantity  of  oil,  but  which  was  steamed  at  a 
pressure  of  15  lb. 

The  method  which  is  practiced  commercially  for  determining 
the  quantity  of  oil  injected  is  very  crude  and  unreliable,  and  the 
writer  believes  that  it  fails  to  give  even  an  approximate  idea  of  the 
injection.  Explained  briefly,  the  adopted  method  predetermines  by 
calculations  the  volume  of  oil  which  a  load  will  require,  and  reduces 
the  quantity  to  the  equivalent  depth,  expressed  in  feet,  subdivided 
to  tenths  or  inches,  which  would  be  contained  in  an  elevated  storage 
tank  about  20  ft.  in  diameter.    The  ordinary  cylinder  load  requires 
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an  injection  wHicli  will  measure  approximately,  depending  upon  the 
size  of  the  load  and  the  unit  injection,  from  6  to  18  in.  in  depth  in 
the  storage  tank.  The  delivery  from  the  storage  tank  is  measured 
by  an  index,  controlled  by  a  wire  and  float,  which  slides  in  gradu- 
ated vertical  ways  attached  either  to  the  outside  of  the  tank  or 
located  inside  the  works.  The  defects  in  the  method  are:  lack  of 
refinement,  as  the  result  of  using  a  measuring  tank  of  large  hori- 
zontal capacity;  lack  of  accuracy,  due  to  frictional  resistances  and 
elasticity  in  the  movement  of  the  tank  gauge,  and  observed  to  repre- 
sent as  much  as  10%  of  the  total  injection;  no  possible  record  of 
losses  due  to  leaking  pipes,  valves,  and  cylinder  heads,  all  of  which 
losses  deduct  from  the  required  injection;  elimination  of  all  check 
on  the  honest  and  intelligent  manipulation  of  the  complicated  pipe 
system,  with  its  niimerous  by-passes,  during  injection. 

Contracts  for  creosoted  material  are  founded  upon  the  weight  of 
oil  injected  per  cubic  foot  of  timber,  and  the  creosoting  process 
should  be  conducted  in  such  a  way  that  the  purchaser  may  know, 
with  reasonable  accuracy,  the  weight  of  oil  which  is  given  him,  and 
the  uniformity  with  which  that  weight  is  distributed  in  the  various 
pieces  of  timber.  If  weight  is  the  basis  for  contract,  then  weight  is 
the  logical  basis  for  treatment  and  its  inspection.  Inspection  upon 
a  weight  basis  requires  that  three  unit  weights  be  obtained :  first,  the 
weight  of  the  green  timber;  second,  the  weight  of  the  timber  after 
the  vacuum  process;  and,  third,  the  weight  of  the  treated  timber. 
The  difference  between  the  first  and  second  weights  represents  the 
weight  of  sap,  moisture  and  volatile  substances  removed  by  the 
steaming  and  vacuum  processes;  the  difference  between  the  second 
and  third  weights  is  the  weight  of  oil  injected.  It  is  impracticable 
to  obtain  the  weights  of  entire  cylinder  loads,  and  this  necessitates 
the  selection  of  representative  members  from  each  load,  which  may 
be  taken  in  such  number  as  may  be  agreed  upon  by  both  parties  to 
the  contract;  this  feature  involves  no  material  inaccuracy,  as  all 
pieces  in  any  one  load  should  be  similar  in  character  and  of  prac- 
tically the  same  sectional  dimensions,  to  insure  uniform  injection. 
To  obtain  the  weights  after  vacuum  process  would  require  that  the 
cylinders  be  opened,  causing  expense  for  labor,  and  reducing  the 
productive  capacity  of  the  plant ;  to  avoid  these  objections  the  speci- 
fication shoidd  stipulate  a  percentage  of  the  green  weight  to  be  used 
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to  represent  the  loss  in  weight  of  the  timber  resulting  from  the 
steaming  and  vacuimi  processes,  and  thereby  eliminate  all  hardfthip 
and  permit  definite  inspection.  The  loss  in  weight  from  steaming 
and  vacuum  treatment  probably  varies  from  a  minimum  of  S%  for 
low  steam  pressure  and  heart  timber,  to  a  maximum  of  15%  for 
high  steam  pressure  and  light  timber;  a  little  experience  will  enaUe 
the  engineer  to  determine  very  closely  the  percentage  which  should 
be  adopted  for  any  particular  treatment  and  timber. 

From  the  results  of  various  practical  tests,  all  of  which  were 
quite  consistent,  the  following  is  cited,  to  afford  a  comparison  of  the 
quantity  of  injection,  as  determined  by  the  foregoing  two  methods: 
The  load  to  be  treated  consisted  of  yellow  pine  piles,  each  80  ft.  in 
length,  with  points  not  less  than  7  in.  in  diameter,  and  was  to  re- 
ceive 20  lb.  of  creosote  oil  per  cubic  foot.  The  piling  timber  was  of 
the  species  known  locally  as  branch  pine.  It  had  been  cut  about 
one  week  before  treatment,  and  had  air-seasoned  for  that  period. 
Two  piles  were  chosen,  which  were  believed  to  be  typical  of  all 
others  in  the  load;  pieces  6  ft.  in  length  were  cut  from  butt  and 
tip  of  one  of  the  piles  and  weighed;  the  green  weight  of  the  second^ 
or  entire,  pile  was  also  obtained;  the  two  pieces  and  the  entire  pile 
were  then  placed  in  the  load  to  be  treated.  The  ccdculated  injection 
for  the  load  was  increased  6%,  or  1.2  lb.  per  cu.  ft.,  to  allow  for  the 
difference  between  the  actual  volume  of  the  piles  and  the  theoretic 
volume  obtained  upon  the  assumption  that  the  piles  tapered  uni- 
formly from  butt  to  tip;  it  was  also  increased  0.2  lb.  per  cu.  ft,  to 
provide  for  the  increased  content  of  the  treating  cylinder  when 
strained  by  the  final  pressure  of  125  lb.  per  sq.  in.  required  to  inject 
the  oil;  and  further  increased  1.0  lb.  per  cu.  ft.,  to  provide  for  losses 
through  leaky  valves,  etc. ;  all  the  additions  were  unusual  and  special, 
and  made  the  treatment  what  would  have  been  considered,  conmier- 
cially,  22.4  lb.  per  cu.  ft.  A  steam  pressure  of  40  lb.  was  main- 
tained for  15  hours,  then  a  vacuum  of  25  in.  for  8  hours,  after  which 
the  cylinder  was  opened  and  the  butt  and  tip  pieces  removed  and 
weighed,  to  determine  the  loss  resulting  from  the  steaming  and 
vacuum  processes;  the  pieces  were  then  replaced  in  the  cylinder, 
the  cylinder  was  closed,  and  the  injection  of  oil  was  begun.  The 
oil  pump  was  worked  under  a  pressure  which  was  gradually  in- 
creased to  130  lb.,  and  required  9J  hours  to  remove  from  the  storage 
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reservoir  the  quantity  of  oil  which  had  been  estimated  as  equivalent 
ic  22.4  lb.  per  cu.  ft.  of  load.  About  3  hours  are  ordinarily  suf- 
ficient to  make  an  injection,  but  more  than  9  hours  were  required  in 
this  case,  and  during  the  last  hour  an  equivalent  of  only  about  i  lb. 
per  cu.  ft.  of  load  was  taken  from  the  storage  tank,  indicating  that 
the  load  was  saturated.  The  records  for  the  two  pieces  and  for  the 
entire  pile  are  given  in  Table  1. 


TABLE  1. 


Diameter,  large  end 

Diameter,  small  end 

LengtlL 

Volume 

Weight,  green 

^      after  vacuum 

"     injection 

Loss  **     vacuum 

Weight  per  cubic  foot,  green 

Weight  per  cubic  foot,  after 
vacuum 

Weight  per  cubic  foot,  after  in- 
jection  

Injection  per  cubic  foot 


Butt. 


IS.O  in. 
14.0    " 

5.0  ft. 

6.75  cu.  ft. 

801.5  lb. 

278.6  " 
S87.6     " 

9.8V 
68.4   ib. 


47.6 

68.7 
11.1 


it 


ii 


Tip. 

7.8  in. 

6.7    " 

6.0  ft. 

1.88  cu.  ft. 

70.0  lb. 

61.6  '• 

81.6  " 

12.1V 

68.6  lb 

46.8  " 

61.8  " 

16.0  ** 

Pile. 


14.6  in. 
8.8  " 

80.0  ft. 

68.7  cu.  ft. 
8S0O.OIb. 

8182.8  ''    estimated. 
8080.0  '" 

11. OV     estimated. 

66.11b. 


60.0 


li 


68.6  " 
18.5  " 


estimated. 


estimated. 


The  method  by  tank  measurements  indicated  an  injection  of  22.4 
lb.  per  cu.  ft.,  as  compared  with  13.6  lb.  per  cu.  ft.  determined  from 
weight  observations. 

The  record  of  the  creosoted  piling  driven  for  the  support  of  a 
wharf  at  the  Pensacola  Navy  Yard  is  of  interest,  as  illustrating  the 
uncertainty  of  the  protection  afforded  by  the  creosoting  process 
against  the  attack  of  sea  worms.  The  timber  is  of  the  southern 
yellow  pine  variety,  and  was  treated  at  a  plant  located  in  West 
Pascagoula,  Miss.,  under  a  contract  which  required  an  injection 
of  20  lb.  of  creosote  oil  per  cu.  ft.  The  piles  were  driven  during 
February  and  March,  1902,  in  about  26  ft.  of  water,  and  were  cut 
off  about  4  ft.  above  mean  low-tide  level.  Inspection  of  the  piling 
made  in  July,  1905,  showed  that,  out  of  a  total  of  198  support  and 
fender  piles,  6  were  worm  eaten,  two  of  them  being  so  reduced  in 
section  as  to  require  their  renewal.  One  of  the  defective  piles  was 
broken  off  at  the  ground  line,  and  the  part  above  the  break  was  cut 
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into  sections  of  about  4  ft.  each  for  examination.  There  appeared  to 
be  a  sector  of  the  pile  of  about  90°,  and  extending  the  entire  length  of 
the  piece,  which  had  been  penetrated  by  the  worms  and  from  which 
the  sap  wood  was  ahnost  entirely  removed.  The  heart  wood  was 
eaten  away  to  a  degree  varying  quite  uniformly  from  about  100% 
at  the  water  line  to  25%  at  the  bottom,  26  ft.  below.  Above  the 
high-water  line  the  pile  was  perfectly  preserved,  but  the  sector  in 
the  sap  wood  above  the  worm-eaten  portion  was  much  lighter  in 
color  than  the  remainder  of  the  section,  and  did  not  appear  to  con- 
tain much  oil.  Diametrically  opposite  to  the  large  defective  sector, 
and  for  a  length  of  about  5  ft.  at  about  the  middle  of  the  piece,  was 
a  second  defective  sector  of  about  30**  which  was  badly  worm-eaten, 
and  through  which  the  worms  had  x)enetrated  to  the  hei^rt.  All  sap 
wood,  to  its  entire  depth,  appeared  to  be  saturated  with  oil  except  in 
the  defective  sectors.  The  other  four  piles  seemed  to  have  defective 
sectors,  similar  to  those  in  the  first  pile,  one  pile  to  an  equal  extent; 
but  in  the  other  three  the  defects  were  apparently  just  beginning  to 
develop. 

The  following  specification  is  proposed,  to  govern  the  creosoting 
of  green  stock : 

i.  Treatment — ^Timber  shall  be  subjected  to  preliminary  steam- 
ing and  vacuum  treatments,  to  obtain  the  removal  of  water  and  sap, 
and  to  open  the  pores  of  the  wood,  and  shall  then  receive  an  in- 
jection of  —  lb.  of  oil  per  cu.  ft.  of  stock,  which  shall  be  forced  into 
the  wood  under  pressure. 

S.  Steam  Pressure, — The  maximum  steam  pressure  during  the 
steaming  process,  as  recorded  by  a  steam  gauge,  shall  not  exceed 
3  lb.  for  each  pound  of  oil  which  is  to  be  injected  per  cubic  foot  of 
stock. 

3.  Oil. — The  oil  shall  be  a  dead  oil  of  coal-tar,  commonly  known 
as  creosote  oil.  Its  specific  gravity  shall  be  not  less  than  L04  at 
85°  cent.  It  shall  not  contain  more  than  2i%  of  water.  It  shall 
yield  not  more  than  10%  by  weight  when  distilled  up  to  210"  cent 
Between  210°  and  236°  cent,  the  distillate  by  weight  shall  not  be  leas 
tlian  25  nor  more  than  30%,  and  at  least  80%  by  weight  shall  not 
distill  below  260°  cent.  A  sample  of  oil  for  test  shall  be  taken  from 
the  side  and  near  the  middle  of  the  treating  cylinder  after  the 
pump  has  begun  the  injection  of  oil.    During  the  analysis  of  the 
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oil,  the  thermometer  bulb  shall  be  kept  about  J  in.  above  the  surface 
of  the  oil  in  the  retort.* 

4,  Loading. — ^All  pieces  treated  in  any  one  cylinder  load  shall  be 
uniform  in  character  and  practically  uniform  in  sectional  dimen- 
sions. 

5.  Injection. — The  quantity  of  injection  in  each  load  which  is 
treated  shall  be  determined  from  the  relative  green  and  treated 
weights  of  one  or  more  full-sized  pieces  contained  in  the  load,  and 
the  determined  quantity  shall  be  the  difference  between  the  treated 
weight  and  the  green  weight  after  reducing  the  latter  by  two-thirds 
of  1%  for  each  pound  of  injection  required  by  contract  per  cubic 
foot  of  load;  the  number  of  pieces  in  excess  of  one  shall  be  subject 
to  the  desire  of  the  contractor.  The  quantity  of  injection  will  be 
satisfactory  if  it  is  within  5%  of  the  quantity  required  by  the  con- 
tract; no  deduction  will  be  made  in  the  contract  price  for  shortage 
in  injection  within  the  6%  above  allowed,  and  no  additional  compen- 
sation will  be  allowed  for  injection  in  excess  of  the  contract  require- 
ment, regardless  of  the  amount  of  such  excess. 

Air-seasoning  is  preferable  to  artificial  seasoning,  but  is  usually 
impossible  to  obtain,  because  of  limited  storage  space  and  lack  of 
time.  If  timber  is  air-seasoned,  a  corresponding  reduction  should 
be  made  in  the  permissible  steam  pressure  and  in  the  percentage  of 
reduction  to  be  allowed  in  the  green  weight  when  determining  the 
quantity  of  injection.  The  percentage  of  water  in  the  oil  can 
readily  be  kept  within  the  proposed  limits  by  the  exercise  of  reason- 
able care. 

The  tests  upon  which  the  foregoing  opinions  are  based  were 
necessarily  limited  in  number.  The  quality  and  character  of  yellow 
pine  varies  between  such  wide  limits,  even  in  pieces  which  are  ap- 
parently the  same,  and  which  have  been  cut  from  adjoining  stumps, 
that  general  conclusions  can  be  safely  formulated  only  after  much 
research,  and  these  notes  should  be  given  weight  accordingly.  The 
increasing  necessity  for  prolonging  the  useful  life  of  timber,  coupled 
with  the  growing  faith  in  the  creosote  process  for  attaining  that 
end,  justifies  careful  and  scientific  study  to  determine  the  best 

*The  specifloation  for  the  oil  is  taken  from  an  article  by  E.  H.  Bowser,  M.  Am.  Soc. 
C.  E.,  on  "  The  Preservation  of  Timber  with  Antiseptics/'  which  appeared  in  the  Jour- 
nal of  the  Association  of  Engineering  Societies,  for  April,  1005. 
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method  of  treatment.  This  paper  is  submitted  in  the  hope  that  the 
experience  and  observations  of  others  may  be  brought  forth,  with  the 
result  that  future  specifications  may  be  prepared  more  intelligently 
and  that  the  practice  of  creosoting  plants  may  be  modified,  to  permit 
of  more  certain  and  definite  inspection. 
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In  a  broad  sense,  every  man  who  has  charge  of  engineering  work 
is  an  inspector.  His  business  is  to  see  that  the  work  is  executed  in 
a  proper  manner.  The  term,  inspector,  is  generally  used  in  a  more 
restricted  sense,  as  meaning  a  man  of  more  limited  power,  one  whose 
duties  pertain  to  some  one  material  or  class  of  construction.  This 
pai)er  will  deal  with  inspection  in  both  the  broad  and  the  restricted 
sense,  its  purpose  being  to  present  a  comprehensive  but  general  view 
of  the  responsibilities  and  duties  of  an  engineer  in  charge  of  con- 
struction. 

Inspection  is  subsequent  to  the  execution  of  a  contract,  and  has 
to  do  with  its  performance.  Therefore  it  presupposes  a  knowledge 
of  the  terms  of  the  contract  and  of  the  rights  of  the  parties  thereto. 

NOTB. — ^Tbese  papers  are  issued  before  the  date  set  for  presentation  and  dis- 
cussion. Correspondence  is  invited  from  those  who  cannot  be  present  at  the 
meeting,  and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or 
written,  will  be  published  in  a  subsequent  number  of  Proceedinoa,  and,  when 
finally  cloved,  the  papers,  with  discussion  in  full,  will  be  published  in  Transactions. 
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A  contract  is  a  legal  instrument,  and  the  rights  of  the  parties 
axe  matters  of  law.  Laws  are  of  two  kinds,  statutory  and  common; 
all  having  their  origin  in  the  old  English  common  law,  the  basis  of 
which  was  justice  and  equality  between  men.  The  common  or  un- 
written law,  lex  non  scripta,  as  Blackstone  calls  it,  is  founded  upon 
the  immemorial  customs  of  the  English  people,  and  the  statutory 
or  written  law,  lex  scripta,  is  based  upon  the  enactments  of  legisla- 
tive bodies,  made  for  the  purpose  of  declaring  or  remedying  the 
former.  It  must  not  be  supposed  that  the  common  law  remains 
unrecorded,  for,  since  men  first  learned  to  write,  the  customs  of  the 
people,  as  expressed  in  the  decisions  of  the  various  courts,  have  been 
compiled  and  preserved  for  later  use.  The  distinction  is  that  the 
common  law  is  based  upon  custom,  and  the  statutory  law  upon  legis- 
lation. What  follows  is  stated  from  the  common-law  basis,  and, 
though  various  modifications  are  to  be  found  among  the  statutes  of 
the  several  States,  it  remains  substantially  correct  as  a  guide  for  the 
enforcement  of  engineering  contracts. 

A  contract  is  an  agreement  between  certain  parties  under  which 
at  least  one  of  those  parties  undertakes  to  perform  a  certain  act  or 
acts,  or  to  refrain  from  some  specific  act  or  acts.  In  order  that  it 
may  be  effective  as  a  legal  instrument,  certain  conditions  must  be 
fulfilled.  First,  there  must  be  an  offer  and  acceptance,  and  in  that 
offer  and  acceptance  is  implied  a  meeting  of  minds  of  the  parties. 
By  the  meeting  of  minds  is  meant  a  clear  and  definite  understand- 
ing, by  both  parties,  of  the  thing  or  things  to  be  done.  Nothing  can 
be  more  reasonable  or  logical  than  this  requirement  that  the  parties 
to  a  contract  shall  understand  its  terms. 

The  failure  to  understand,  in  the  beginning,  the  subject  of  a 
contract,  is  a  fruitful  source  of  dissatisfaction.  In  engineering 
work  there  is  too  much  laxity  in  the  preparation  of  specifications. 
The  specifications  of  the  engineer  are  always  made  a  part  of  the 
contract,  and  many  times  they  are  quite  obscure  and  indefinite.  In 
this  is  seen  a  need  for  greater  facility  of  ext)ression  among  en- 
gineers. They  should  spend  more  time,  during  education,  in  learn- 
ing how  to  use  the  English  language.  The  technical  education  is 
not  enough.    An  engineer  should  talk  and  write  fluently. 

There  is  also  among  engineers  a  lack  of  appreciation  of  the 
necessity  of  definiteness  in  their  specifications.    It  often  happens 
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that  the  engineer  who,  by  reason  of  experience  and  ability,  is  quali- 
fied to  write  the  specifications,  is  so  burdened  with  administrative 
details  that  he  has  no  time  to  spare,  and  the  work  is  turned  over  to- 
an  office  assistant  who  has  no  qualification  for  the  work. 

This  laxity  has  been  a  frequent  source  of  trouble  on  public  work 
where  the  engineers,  coming  from  work  not  surrounded  by  govern- 
mental restrictions,  have  learned  by  hard  experience  that  both  con- 
tractors and  taxpayers  have  a  right  to  a  strict  and  impartial  inter- 
pretation of  their  contracts,  and  that,  unless  clear  and  specific,  such 
an  interpretation  is  very  difficult. 

A  contract  to  assume  a  risk,  as  an  insurance  against  fire,  or  an 
agreement  to  excavate  a  channel  in  the  earth,  regardless  of  the 
character  of  the  material,  is  binding;  but  a  contractor  is  not  bound 
to  assume  a  risk  not  contemplated  in  the  agreement.  For  instance,. 
i|i  a  contract  for  excavation  where  different  materials  are  to  be  paid 
for  at  different  prices,  as  clay,  gravel,  and  quicksand,  if  rock  be 
unexpectedly  encountered,  no  price  having  been  made  therefor,  the 
contractor  is  not  bound  to  remove  it.  The  risk  to  be  assumed  must 
be  definitely  described  in  the  contract. 

The  offer  and  acceptance  are  usually  expressed  in  writing,  and 
constitute  the  instrument.  Necessarily,  they  contain  all  data  re- 
quired for  a  clear  understanding  of  the  subject.  Where  drawings- 
or  samples  are  needed,  to  make  the  subject  plain,  they  may  be  re- 
ferred to  and  described  as  a  part  of  the  instrument.  It  is  only 
necessary  to  state  what  drawings  and  what  samples  are  meant,  and 
to  preserve  those  drawings  and  samples  so  that  they  may  always  be 
clearly  identified  as  the  ones  referred  to. 

The  second  requirement  for  the  legality  of  a  contract  is  that 
there  shall  be  a  consideration.  It  would  seem  to  require  no  law  to 
make  it  clear  that  without  a  consideration  there  can  be  no  contract. 
Any  other  condition  would  be  slavery.  One  party,  clearly,  cannot 
exact  something  from  another,  even  by  agreement,  unless  some 
valuable  consideration  is  given  in  return.  But  the  courts  will  not 
inquire  into  the  sufficiency  of  the  consideration  unless  there  be  an 
allegation  of  fraud.  A  consideration  of  one  dollar  is  as  good  as 
anything  eke  to  establish  the  legality  of  a  contract,  as  far  as  this 
requirement  is  concerned. 

The  common  law  yields  to  the  statute,  where  that  ha?  effect,  and 
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the  latter  in  turn  is  restricted  by- the  Constitution.  The  Federal 
Constitution  provides  for  freedom  among  citizens  in  making  con- 
tracts, and  to  question  the  sufficiency  of  the  consideration  for  a 
contract  would  be  an  interference  with  this  constitutional  liberty. 

The  third  requirement  of  legality  is  that  the  parties  to  the  con- 
tract shall  be  competent.  It  is  clear  enough  that  minors  and  luna- 
tics,  or  persons  of  unsound  mind,  cannot  enter  into  binding  con- 
tracts. The  statutes  provide  other  restrictions  on  the  ability  of 
certain  individuals  to  enter  into  a  contract. 

The  fourth  requirement  is  that  the  object  of  the  contract  shall 
not  be  contrary  to  law.  A  contract  to  blow  up  the  State  capitol 
would  be  clearly  illegal,  as  would  any  other  contract  to  perform  an 
unlawful  act. 

The  fifth  requirement  is  that  there  shall  be  some  legal  evidence 
of  the  contract.  For  this  reason  it  is  well  to  have  some  knowledge 
of  the  rules  of  evidence.  A  signature  to  an  agreement  is  generally 
sufficient  to  prove  the  contract;  sometimes  a  witness  is  required, 
and  sometimes  a  seal.  In  some  States  a  verbal  contract  is  legal, 
but  it  is  clear  that  some  evidence  would  be  needed  to  prove  that 
such  a  contract  had  been  made. 

These  are  the  principles  of  a  legal  contract.  In  a  specific  case 
it  is  always  necessary  to  know  that  the  statutes  of  a  State  have  been 
complied  with,  but  these  principles  must  always  be  followed.  A 
failure  to  do  so  would  render  the  contract  either  wholly  or  partially 
void. 

Having  these  things  in  mind,  the  engineer  will  take  up  the 
papers,  plans,  and  specifications  for  a  contract,  and  consider  its 
performance.  Since  this  paper  is  devoted  to  inspection,  nothing 
will  be  said  about  forms  of  contracts,  their  virtues  and  mistakes,  or 
about  plans  and  specifications,  except  as  they  bear  directly  upon  the 
subject. 

The  first  difficulty  to  be  encountered  is  usually  some  error  or 
omission  in  the  plans  or  specifications.  This  defect  must  be  cor- 
rected. The  contract,  in  so  far  as  this  item  is  concerned,  is  void, 
for,  clearly,  there  has  not  been  a  "meeting  of  minds"  concerning  it 
If  the  matter  is  of  minor  importance,  the  contract  usually  provides 
that  the  engineer  shall  decide  what  is  to  be  done;  but  he  cannot 
decide  that  the  matter  is  one  of  minor  importance.     His  direction 
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concerning  it  assumes  such  to  be  the  case,  and,  in  following  that 
direction,  the  contractor  accepts  the  engineer's  assumption,  but  the 
degree  of  importance  of  the  matter  is  a  question  of  fact  that  may  be 
submitted  to  a  jury  on  the  application  of  either  party  to  the  contract. 

Next,  there  may  be  found  something  that  is  impossible  of  con- 
struction or  needlessly  expensive,  and  the  contractor  may  object  to 
it  or  propose  some  other  method.  Again,  the  same  rule  applies. 
The  engineer  may  decide,  and  the  contractor  may  accept  the  decision, 
but  either  party  to  the  contract  may  invoke  the  law,  to  determine 
whether  the  degree  of  importance  of  the  matter  will  suffice  to  annul 
the  contract  and  render  a  new  agreement  necessary.  For  this  reason 
many  contracts  provide  for  supplementary  agreements  to  cover  such 
matters,  but,  whether  or  not  such  agreements  have  been  provided  for, 
they  may  be  made  at  the  option  of  the  parties  interested. 

These  matters  have  a  bearing  on  contracts  made  with  security 
for  their  performance,  as  a  bond  or  deposit  of  money.  In  such 
cases  the  errors  might  afford  ground  on  which  to  annul  the  con- 
tract and  release  the  security.  Such  contracts  are  usually  made 
where  one  of  the  parties  is  a  public  corporation,  and  the  case  affords 
one  example  of  the  necessity  of  great  care  in  planning  public  work. 

In  much  of  the  work  of  an  engineer  it  is  difficult  to  know  in 
advance  just  what  his  client  may  want  before  a  contract  for  con- 
struction is  completed.  The  president  of  a  railroad  may  suddenly 
order  a  suspension  of  all  operations,  or  he  may  make  a  change  of 
plan  that  will  largely  increase  or  decrease  the  work  to  be  done.  In 
a  government  contract,  the  interested  public  may  pay  no  attention  to 
a  proposed  improvement  until  after  the  contract  is  let  and  partially 
performed.  Then,  upon  a  discovery  that  something  is  not  to  its 
liking,  it  will  become  very  active,  and  use  all  its  political  resources 
to  effect  a  change. 

For  such  reasons  as  these,  it  has  become  common  to  insert  in  the 
contract  a  clause  providing  for  increase  or  decrease  of  work, 
changes  of  plan,  and  delays.  Such  a  clause  may  or  may  not  be  bind- 
ing, according  to  how  it  is  used.  A  contingency  is  a  proper  subject 
for  contract,  but  that  contingency  must  be  clearly  expressed.  No 
blanket  clause  will  cover  contingencies  not  considered  when  making 
the  contract. 

A  blanket  clause  is  often  construed  liberally  in  the  interest  of 
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the  party  of  the  first  part,  and  the  interpretation  is  a  source  of  great 
dissatisfaction  on  the  part  of  the  contractor.  That  he  does  not 
more  often  seek  redress  in  the  courts  is  because  of  the  expense  and 
delay  attendant  thereon.  The  sum  involved  must  be  large,  to  war- 
rant such  a  procedure.  The  theory  of  the  law  is  held  by  its  de- 
votees to  be  the  discouragement  of  litigation,  and,  in  this  respecU 
because  of  the  expense  and  the  numerous  difficulties  and  delays  in 
getting  a  final  decision,  the  legal  profession  has  attained  a  degree- 
of  perfection  which  engineers  may  not  hope  to  equal. 

In  a  set  of  specifications  for  a  large  grain  elevator,  the  engineer^ 
in  order  to  make  assurance  doubly  sure,  inserted  the  following: 

"JI  there  is  anything  omitted  from  these  specifications  that  is 
necessary  to  make  the  elevator  and  power  plant  complete  and  in 
perfect  working  order,  it  will  be  understood  to  be  herein  contained.'' 

The  elevator  was  built,  and  it  would  be  very  interesting  to  learn 
whether  this  clause  had  any  application,  and,  if  so,  what.  Such  a 
blanket  clause  is  often  used  with  little  regard  for  its  application. 
If  the  elevator  was  let  for  a  lump  sum,  and  without  detailed  specifi- 
cations, the  clause  would  seem  to  be  sufficiently  clear.  If  there  were 
detailed  plans  and  specifications,  the  clause  would  offer  an  excellent 
chance  for  a  dispute,  which  would  probably  be  settled  by  the  con- 
tractor yielding,  as  a  matter  of  policy  and  with  no  regard  to  justice. 
It  is  certain  that  the  clause  would  add  nothing  to  the  definiteness 
of  the  contract.  On  the  contrary,  it  would  show  that  the  engineer,, 
himself,  was  somewhat  hazy  about  the  matter. 

Some  contractors  eidiibit  an  unusual  willingness  to  carry  out 
the  most  erratic  directions  of  the  engineer.  This  is  done  in  order 
to  break  away  from  the  contract  and  set  up  a  claim  that,  by  reason 
of  change  of  plan,  the  contract  has  been  annulled  and  a  new  basis  of 
compensation  is  necessary.  That  is  chicanery,  to  be  sure,  but  the 
engineer  should  be  able  to  recognize  it.  Claims  against  public  cor- 
porations have  many  times  been  treated  with  excessive  liberality, 
and  they  should  not  be  allowed  to  succeed  without  the  engineer's 
approval. 

Suppose  the  contractor  fails  to  complete  his  woik,  or  to  perform 
some  portion  of  it  in  a  satisfactory  manner.  The  courts  will  not 
enforce  a  contract.  The  best  that  can  be  done  is  to  secure  money 
damages  for  his  failure.     This  involves  litig^ation  and  delay,  and,  to 
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avoid  these  difficulties,  it  is  usual  to  retain  a  part  of  the  money  due 
the  contractor  and  provide  that  it  may  be  used  to  complete  any  por- 
tion of  the  work  left  unfinished  by  him. 

Being  familiar  with  all  conditions  surrounding  the  contract,  the 
inspector  goes  on  the  work  intending  to  secure  the  best  results  pos- 
sible, both  by  lending  his  aid  in  every  way,  and  by  insisting  on  the 
correct  performance  of  the  work.  He  is  soon  confronted  with  the 
problem  of  deciding  whether  certain  work  is  good  enough  to  accept 
or  bad  enough  to  reject.  It  has  been  said  that  work  or  material  is 
either  good  or  bad,  that  there  is  no  middle  ground,  that  the  com- 
l»etent  insi)ector  must  be  able  to  distinguish  clearly  the  difference, 
and  require  only  that  which  is  just,  never  accepting  anything  at 
fault  and  never  rejecting  that  which  is  good.  That  is  a  sound  po- 
sition, if  taken  generally,  not  rigidly.  Rigidly,  it  is  the  dictum  of 
conceit  and  arrogance;  conceit,  because  it  assumes  perfection  on  the 
part  of  the  inspector,  and  arrogance,  because,  bom  of  ignorance,  it 
permits  no  question  to  be  raised.  Absolutism  has  no  place  in  busi- 
ness. Business  men  are  accustomed  to  dealing  with  practical  affairs, 
and  have  little  use  for  perfection.  It  is  for  this  reason  that  a 
skilled  and  conscientious  engineer  may  at  times  hear  his  efforts  re- 
ferred to  contemptuously  as  "hair-splitting  niceties,"  and  find  him- 
self classed  among  men  who  have  no  judgment. 

All  things  are  relative,  and  are  governed  by  conditions.  First- 
class  ashlar  masonry  is  seldom  used  for  retaining  walls,  and  machine- 
shop  methods  are  not  expected  in  structural  work.  If  the  specifica- 
tions seem  to  mean  otherwise,  they  must  be  very  clear  and  definite, 
in  order  to  stand.  Where  the  specifications  are  obscure,  or  where 
they  conflict,  custom  will  govern ;  so,  if  a  man  has  some  unusual  and 
particular  matter  which  he  wishes  observed,  in  the  execution  of  his 
plans,  he  must  make  it  very  plain  in  the  contract. 

Where  a  contract  specified  a  rip-rap  slope  wall,  laid  by  hand,  no 
stone  to  be  less  than  li  cu.  ft.  in  volume,  and  the  engineer  placed  an 
assistant  on  the  work  to  measure  every  stone  that  went  in  the  wall, 
his  superior  decided,  on  the  appeal  of  the  contractor,  that  in  a  rip- 
rap wall  it  was  not  necessary  to  dress  the  beds  of  the  stone,  and  that 
fillers  and  small  stone  might  be  used,  to  a  limited  extent,  to  fill  up 
the  crevices.  WaUs  formerly  built  in  the  same  vicinity  and  for 
the  same  parties  had  been  built  of  rough  stone  levelled  up  with 
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spawlsy  and  the  engineer  was  clearly  attempting  to  enforce  an  un- 
usual and  strained  interpretation  of  the  speoification.  The  specifi- 
cation was  at  fault  in  containing  the  conflict,  hut  the  engineer 
showed  a  lack  of  ordinary  good  sense  in  his  attempt  to  decide  what 
was  intended. 

Most  speciflcations  call  for  flrst-class  work.  First-class  work  is 
simply  the  hest  of  current  practice,  and,  therefore,  it  hehooves  the 
engineer  or  inspector  to  he  as  thoroughly  posted  in  current  practice 
as  in  his  own  speciflcations. 

Again,  the  personal  equation  of  the  inspector  must  he  recog- 
nized. It  is  an  old  trick  for  a  contractor  to  confront  a  young  in- 
spector with,  say,  a  cross-tie  which  he  has  rejected  and  one  which 
he  has  accepted,  and  ask  him  which  is  which.  Every  experienced 
inspector  knows  that  he  will  at  times  accept,  and  at  times  reject, 
things  which  are,  so  to  speak,  on  the  dividing  line.  He  must  have 
an  ideal,  a  standard,  and  if,  through  good  nature,  he  accepts  things 
which  are  not  quite  up  to  the  standard,  he  does  not  escape  the  diffi- 
culty; he  simply  lowers  the  standard.  If  the  work  could  he  graded 
hy  percentages,  and  the  rule  was  to  accept  all  that  ranked  90%,  he 
would  And  himself  accepting  89%  and  rejecting  91  per  cent^  That 
is  the  imperfection  of  human  nature,  and  it  cannot  he  helped.  It 
would  not  make  matters  hetter  to^drop  the  standard  to  89  per  cent 
The  same  conditions  would  exist.  Between  narrow  limits,  the  in- 
spector should  have  full  authority  to  decide  what  he  will  take  and 
what  he  will  reject.  It  is  seldom  that  a  contractor  ohjects  to  the 
classification  of  an  experienced  insi>ector. 

There  is  a  great  variety  of  inspection,  and  it  is  performed  in 
many  different  ways.  In  any  specific  case  its  purpose  should  he 
clearly  in  mind,  and  the  means  used  should  he  adapted  thereto.  It 
may  he  desired  to  examine  minutely  for  the  detection  of  flaws  each 
individual  item,  as  in  the  case  of  steel  eye-hars  for  bridges.  Or  it 
may  be  desired  merely  to  exercise  a  restraining  influence  by  occa- 
sional and  partial  inspection.  The  latter  aim  is  the  more  common, 
and  generally  results  in  superficial  work  of  very  little  value. 

These  methods  may  be  illustrated  by  the  inspection  of  railroad 
cross-ties.  Many  roads  secure  considerable  quantities  of  ties  from 
the  timber  along  their  own  lines.     The  ties  are  piled  along  the  right 
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of  way  and  inspected  at  leisure.  Every  tie  is  handled,  and  each  of 
its  six  surfaces  is  carefully  examined.  It  is  then  rated  as  first, 
second,  or  cull,  and  carefully  marked.  Such  rigidity  of  inspection 
is  not  possible  where  large  quantities  of  ties  are  purchased  and  in- 
spected at  a  place  remote  from  the  road.  The  other  extreme  ia 
exemplified  in  the  purchase  of  ties  by  ship  load,  the  inspection  to 
be  made  while  loading,  and  the  loading  done  by  machinery  at  the 
rate  of  several  thousand  per  hour.  In  such  a  case  it  is  possible,  by 
employing  a  sufficient  number  of  men,  to  sort  out  and  reject  a  great 
znany  culls,  but  the  work  is  only  partially  done,  and  the  best  work 
of  the  inspector  is  to  form  a  clear  idea  as  to  whether  the  ties  are 
running  good  or  bad,  whether  the  purpose  of  the  seller  is  to  furnish 
good  ties  or  to  run  in  as  many  culls  as  possible,  and  then  to  govern, 
either  the  acceptance  of  the  cargo  or  future  purchases,  by  what  he 
has  learned. 

This  is  a  case  where  the  contract  rights  should  be  definite  and 
well  understood,  for  should  the  impression  of  the  inspector  be  un- 
favorable, there  should  be  some  means  of  refusing  the  cargo  unless 
more  carefully  sorted. 

Inspection  by  sampling,  as  in  the  case  of  cement,  is  another 
dass  of  work,  and  there  is  room  for  the  exercise  of  judgment  in 
selecting  the  samples.  There  should  be  a  very  definite  understand- 
ing as  to  what  portion  of  a  shipment  should  be  accepted  or  rejected 
on  the  result  of  certain  tests.  The  tests  to  be  applied  to  cement  are 
a  matter  of  prime  importance,  and  have  been  the  subject  of  much 
research  and  experiment. 

If  a  contractor  persists  in  using  cement  which  has  been  con- 
demned, and  is  not  restrained  from  completing  the  work,  but  is 
denied  payment,  he  may  take  the  matter  into  the  courts  and  endeavor 
to  collect  compensation.  In  that  event  it  would  not  be  enough  for 
the  engineer  to  show  that  the  cement  was  not  in  accordance  with  the 
specifications.  Granting  that  was  established,  in  order  to  claim 
damages,  he  would  be  obliged  to  demonstrate  the  bad  quality  of  the 
cement  and  its  resultant  injury  to  the  work.  That  is  the  supreme 
test  of  the  specifications,  and  one  which  they  frequently  will  not 
stand.  When  a  man  specifies  something  as  a  matter  of  judgment, 
the  necessity  for  which  cannot  be  readily  demonstrated,  and  the 
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contractor  tries  to  use  something  else,  the  best  way  is  to  stop  him 
at  once.  In  doing  so,  the  engineer  may  bring  upon  himself  the 
charge  of  delaying  the  work,  but  he  must  be  prepared  to  meet  it. 

Controversies  of  this  sort  have  much  to  do  with  the  objections 
to  letting  work  publicly  to  the  lowest  bidder.  When  a  man  has 
shown  a  lack  of  disposition  to  carry  out  work  as  planned,  without  a 
dispute,  engineers  do  not  care  to  have  him  secure  their  work.  In 
government  work,  as  in  private  affairs,  if  the  lowest  bidder  is  ir- 
responsible, his  bid  may  be  rejected,  but  it  may  be  necessary  to  show 
his  lack  of  responsibility.  To  do  this  without  raising  a  suspicion  of 
fraud  requires  evidence  acceptable  to  the  court,  and  it  may  be  hard 
to  secure.    In  private  work  an  opinion  is  often  sufficient. 

The  inspection  of  masonry  is  performed  sometimes  by  men  who 
remain  constantly  on  hand  while  the  masons  are  at  work,  and  some- 
times by  members  of  an  engineer  corps  who  go  from  one  piece  of 
work  to  another,  often  covering  20  miles  of  line.  To  one  familiar 
with  masonry  construction  it  is  very  clear  that  the  latter  method  is 
little  better  than  no  inspection  at  all,  for  large  volumes  of  masonry 
can  be  thrown  together  in  the  most  haphazard  way,  and  with  the 
defects  so  hidden  that  only  a  thorough  investigation  will  find  them. 
Such  shiftless  inspection  is  to  blame  for  much  of  the  present  dis- 
favor of  stone  masonry  on  railroads.  Many  roads  have  had  large 
quantities  of  masonry  go  to  pieces  because  they  were  not  well  built. 
The  fault  is  not  inherent  in  stone  masonry,  but  in  the  system  of 
supervising  its  construction.  Stone  masonry,  well  built,  should  not 
be  less  durable  than  concrete  masonry. 

The  inspection  of  structural  steel  at  a  rolling  mill  is  a  special 
line  of  work.  It  is  supposed  to  consist  of  physical  tests  of  samples 
cut  from  the  material,  and  of  a  careful  surface  inspection  of  each 
bar  or  plate.  At  present  there  is  practically  no  surface  insi)ection, 
save  by  the  mill  employees.  The  output  of  the  mills  is  so  large  that 
there  is  no  time  to  handle  the  material  for  a  foreign  inspector.  In 
cases  where  foreign  inspectors  are  employed  for  this  work,  they  see 
so  little  of  the  material  that  it  would  be  far  better  to  throw  the 
whole  responsibility  on  the  mills,  and  make  no  surface  inspection 
at  all.  There  is  a  better  chance  to  see  the  material  at  the  bridge 
shops,  and  it  may  be  rejected  there  if  found  defective. 

The  physical  tests  are  made  on  samples  supposed  to  be  cut  from 
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the  material  ordered,  and  to  represent  certain  melts  in  the  open- 
hearth  furnace.  The  fpreign  inspector  does  not  usually  see  the 
specimen  cut,  and  cannot  check  up  the  marking  of  the  melt  number. 
The  information  which  he  secures  he  must  assume  to  be  correct. 
His  work  is  no  check  on  the  honesty  of  the  manufacturer.  He 
merely  ascertains  the  quality  of  the  material,  on  the  assimiption  that 
all  information  given  is  correct;  but,  in  the  conduct  of  a  steel  mill, 
the  records  are  so  numerous  and  voluminous  that  falsification  is  not 
easy,  and  any  lack  of  system  or  any  deception  is  quite  likely  to  be 
discovered.  The  real  worth  of  the  inspector  depends  upon  his 
familiarity  with  the  methods  of  manufacture  and  his  ability  to 
judge  of  the  care  and  system  in  use.  In  this  way  he  can  decide 
quite  intelligently  whether  or  not  the  plant  is  run  properly,  and,  if 
dissatisfied,  he  can  ask  for  evidence  that  things  are  as  they  should 
be,  or  advise  that  material  be  secured  from  another  plant. 

An  experience  at  a  large  rail  mill  will  illustrate  the  character  and 
results  of  one  class  of  inspection:  There  were  several  thousand 
tons  of  rails  to  inspect  at  a  plant  where  the  writer  had  no  previous 
acquaintance.  After  a  brief  interview  with  the  superintendent,  he 
started  with  the  foreman  to  see  the  finishing  mill.  The  foreman 
seemed  to  understand  perfectly  what  information  was  needed,  and, 
while  he  told  all  that  was  necessary,  it  is  not  recalled  that  he  used  a 
superfluous  word.  He  went  about  the  mill  rapidly  from  one  place  to 
another,  and,  after  covering  the  ground,  stated  that  the  rails  in 
question  would  begin  to  come  out  at  a  certain  time.  There  were 
fourteen  straightening  presses  and  seven  mill  inspectors.  The  rails 
were  to  be  loaded  as  rapidly  as  finished,  and  one  can  imagine  how 
many  of  them  a  single  foreign  inspector  could  see.  But  when  the 
rails  began  to  come  out,  instead  of  trying  to  see  all  of  them,  he 
watched  the  mill  inspectors.  At  times  he  walked  and  lined  a  bed 
of  rails  and  tried  the  gauge.  He  observed  the  loading  and  looked 
over  the  loaded  cars.  Occasionally,  he  found  a  defective  rail,  and, 
by  keeping  busy,  he  was  able  to  obs^ve  the  attitude  and  efficiency 
of  the  mill  inspectors.  The  result  was  most  gratifying.  There  was 
evidence  everywhere  of  the  most  perfect  system.  Every  man  was 
on  his  mettle.  The  superintendent  had  control  of  the  mill.  His 
wish  was  law,  and  every  man,  apparently,  did  his  best  according  to 
hia  own  skill  and  opportunity.     Some  did  better  work  than  others. 
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None  was  perfect,  but  it  was  plain  that  each  man  was  striyin^  for 
good  results.  There  was  no  discussion,  no  argument.  Eveiytiiin^ 
was  done  as  nearly  right  as  possible,  and,  although  but  a  small  per- 
centage of  the  rails  was  examined  by  the  writer,  he  was  never  more 
satisfied  with  any  mill  inspection  he  has  had  to  do.  The  evidence 
of  a  skilful  and  determined  effort  to  secure  the  best  results  was  so 
strong  that,  in  so  far  as  their  surface  was  concerned,  he  felt  conr 
fident  that  no  better  rails  could  be  secured  anywhere. 

Had  the  character  of  the  inspection  by  the  mill  men  been  less 
satisfactory,  no  individual  efforts  could  have  avoided  the  loading  of 
many  bad  rails,  and,  assuming  the  lot  was  not  bad  enough  to  reject 
as  a  whole,  the  dissatisfaction  of  a  good  customer  would  have  been 
the  manufacturer's  only  detriment. 

Some  men  have  discovered  that  uniform  excellence  of  material 
and  workmanship  is  the  road  to  both  cheapness  of  production  and 
a  generous  demand  for  their  products.  They  do  their  own  inspect- 
ing very  thoroughly,  and  are  well  pleased  with  the  results.  It  is  a 
pity  that  there  are  not  more  men  of  the  same  mind. 

There  is  this  to  be  said,  however,  in  favor  of  the  contractor  doing 
general  work.  He  meets  many  engineers  with  many  different  ideas 
of  construction,  and  if  he  is  himself  an  engineer  by  training,  he 
finds  at  times  that  the  things  he  would  do  as  an  engineer  do  not 
please  the  engineer  in  charge  of  his  work,  and  the  things  which  the 
engineer  does  require  are  things  which  he  as  an  engineer  would 
condemn.  After  a  few  experiences  of  that  sort,  it  is  not  to  be  ex- 
pected that  a  contractor  will  do  more  than  enough  to  secure  his 
compensation. 

When  the  contractor  exhibits  an  unwillingness  to  perform  good 
work,  or  to  replace  defective  material,  the  task  of  an  inspector  be- 
comes very  difficult  and  at  times  unpleasant.  To  prescribe  a  set  of 
rules  for  bringing  a  contractor  to  terms  would  be  as  absurd  as  it  is 
difficult.  When  the  conditions  of  strife  degenerate  to  a  state  of 
war,  only  a  soldier  can  understand  the  multitude  and  variety  of 
tricks  and  devices  which  are  used  to  defeat  the  aims  of  proper  in- 
spection; and,  to  meet  these  attacks,  to  checkmate  the  moves  and 
emerge  from  the  contest  with  a  clean  record  and  a  good  reputation,, 
requires  the  resourcefulness  of  a  modem  diplomat.  In  all  such 
cases,  the  inspector  is  not  only  obliged  to  keep  his  temper,  but  ho 
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must  be  just.  Kecrimination  is  fatal.  It  places  him  on  a  level 
ivith  ids  opponent,  and  subjects  him  to  the  same  examination  and 
suspicion.  He  must  maintain  a  judicial  attitude,  and  permit  no 
irritation  or  fear  to  influence  in  any  way  the  discharge  of  his  duty. 

When  some  engineers  And  that  a  contractor  is  disposed  to  slight 
his  work,  they  permit  him  to  operate  for  a  time  unwatched,  and 
then,  appearing  suddenly  on  the  scene,  catch  him  red-handed  and 
require  him  to  tear  down  and  rebuild  the  unsatisfactory  work.  It 
is  natural  to  feel  resentful  and  to  wish  to  retaliate  for  a  b^ach  of 
good  faith  and  confidence,  but  the  law  does  not  uphold  such  methods. 
It  is  the  duty  of  an  inspector  to  be  on  hand  while  the  subject  of  his 
inspection  is  under  performance,  and,  if  he  absents  himself,  he  is  at 
least  morally  guilty  of  contributory  negligence,  and  should  be 
estopped  from  exercising  the  same  rigidity  of  inspection  that  he 
might  use  were  he  himself  not  at  fault.  In  other  words,  being 
partly  responsible  for  the  poor  work,  he  is  not  in  a  position  to  pass 
judgment  and  inflict  punishment  upon  the  contractor. 

The  time  to  protest  or  condemn  is  always  the  time  of  the  act  in 
question,  and,  in  law,  a  man  who  remains  silent  when  he  should 
haye  spoken  is  regarded  as  a  partner  in  the  guilty  act. 

A  man  who  protests  habitually  against  everything  that  is  done 
becomes  known  as  a  '^kicker,"  but,  however  disagreeable  that  appel- 
lation may  be,  it  is  better  to  call  attention  to  any  defect  at  once, 
speaking  to  the  contractor  flrst,  and  if  the  matter  is  ignored,  it 
should  be  referred  to  higher  authority  or  taken  under  consideration 
by  one  who  has  power  to  act. 

But  when  a  protest  concerning  work  or  material  is  ignored,  the 
inspector  should  not  sit  idly  by  and  see  all  evidence  of  the  defects 
obliterated,  so  that  when  the  time  of  settlement  arrives  there  is 
nothing  to  support  his  statement.  Should  the  law  be  invoked  to 
settle  the  matter,  his  word  would  not  go  far  without  conflrmation, 
and  he  should  preserve  for  future  use  such  notes,  references,  or 
photographs  as  would  enable  him  to  prove,  absolutely,  the  correct- 
ness of  his  assertion.  The  contractor,  of  course,  would  seek  to  rid 
himself  of  such  an  "officious  inspector,*'  but  these  things  verge  upon 
war,  and  a  man  must  be  the  judge  of  his  own  acts.  If  he  is  a  man 
of  good  morals  and  the  right  preliminary  training,  his  wits  will 
help  him  through  many  a  scrape,  and  it  is  one  of  the  pleasures  of 
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an  inspector's  life  to  receive  expressions  of  gratitude  for  kindnesses 
done  to  a  contractor  who  has  all  but  accused  him  of  crime. 

One  of  the  most  useful  things  which  can  be  done  by  an  inspector 
of  field  construction  is  to  keep  a  daily  journal  of  the  progress  of  tbe 
work,  carefully  noting  every  occurrence  which  may  have  a  bearing 
on  the  settlement  of  the  contract.  Such  a  journal,  when  supple- 
mented by  photographs,  is  not  easily  controverted,  and  will  often 
clear  away  disputes  which  might  otherwise  be  taken  into  court. 

It  is  generally  understood  in  the  business  world  that  expected 
profits  should  increase  with  the  risks  involved,  and  general  contact- 
ing is  considered  a  somewhat  hazardous  business.  The  risks  in- 
volved are  due  to  the  elements,  physical  difficulties  encountered, 
fluctuations  in  the  price  of  materials,  labor  difficulties,  and  many 
other  things,  among  which  the  character  of  inspection  is  not  the 
least.  To  many  people  it  will  seem  impossible  that,  with  honest 
work,  the  character  of  the  inspection  may  vary  enough  to  make  a 
material  difference  in  the  cost,  of  work.  It  is  true,  however,  and 
inspection  is  a  factor  that  often  enters  into  estimates  for  proposals. 
In  some  classes  of  work,  the  range  of  inspection,  from  the  poorest 
to  the  best,  is  so  great  as  to  exceed  the  contractor's  profits.  This 
happens  where  the  work  is  done  on  a  very  small  margin  and  the 
contract  is  vague  and  indefinite. 

To  reduce  this  risk  in  engineering  work  should  be  the  aim  of 
every  inspector.  Perhaps  the  financial  saving  due  to  a  careful, 
uniform  and  systematic  inspection  would  be  of  less  value  than  the 
elevation  of  morals  surrounding  the  work.  Selfish  and  dishonest 
motives  are  so  common  that  the  press  and  the  public  need  only  to 
discover  a  place  where  an  illegal  revenue  is  possible,  in  order  to 
raise  the  cry  of  graft.  In  a  practical  way,  confinement  on  sus- 
picion is  fully  as  inconvenient  as  confinement  on  conviction,  and  it 
is  both  practical  and  spiritual  wisdom  to  avoid  the  appearance  of 
evil  as  well  as  the  real  thing. 

This  enters  the  realm  of  professional  ethics,  which  is  ever  open 
for  discussion.  Differing  views  are  held  about  the  propriety  and 
also  the  morality  of  advertising  oneself  as  agent  for  a  particular 
brand  of  cement  while  holding  a  high  public  office  involving  control 
of  large  masonry  constructions.  It  is  conceivable  that  such  a  con- 
dition might  exist  with  no  moral  injury  to  the  principal,  but  the  de- 
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moralization  among  his  subordiuates  and  the  suspicions  of  the 
public  would  do  great  harm,  and  that  harm  would  be  centered  on 
the  engineering  profession.  In  such  a  case,  the  wisdom  of  avoiding 
the  appearance  of  evil  is  obvious,  and  it  should  be  equally  plain  in 
matters  of  lesser  importance. 

On  the  other  hand,  a  man  may  be  actually  responsible  for  much 
serious  mismanagement  without  being  amenable  to  the  law.  If 
there  be  no  evidence  of  moral  turpitude,  conviction  is  impossible; 
but,  to  a  professional  man,  there  is  punishment  other  than  that  of 
the  law.  The  loss  of  prestige  and  reputation,  gained  by  many  years 
of  earnest  labor,  may  not  be  less  disastrous  in  its  consequences  than 
a  term  in  prison. 

There  is  much  said  about  the  relations  existing  between  the 
parties  to  a  contract  and  the  engineer,  it  being  generally  held  in  the 
profession  that  his  attitude  should  be  strictly  impartial  and  that  he 
should  be  no  less  alert  to  guard  the  interests  of  the  contractor  than 
those  of  his  employer.  Such  a  condition  is  a  pleasing  fiction,  quite 
flattering  to  the  engineer  and  agreeable  to  the  contractor.  It  is 
conducive  to  harmony  and  good  feeling,  and  is  morally  elevating; 
but,  from  the  contractor's  standpoint,  or  from  a  legal  point  of  view, 
in  what  way  can  the  agent  of  the  party  of  the  first  part  conserve 
the  interests  of  the  party  of  the  second  part  when  his  sole  compensa- 
tion is  received  from  the  first  party,  and  without  which  compensa- 
tion he  might  be  in  danger  of  hunger?  It  may  be  true  that  some 
good  and  noble  men  have  at  times  defended  the  rights  of  the  con- 
tractor, and,  by  so  doing,  have  placed  their  own  incomes  in  jeop- 
ardy, but  such  cases  do  not  make  the  rule.  Engineers  are  not 
saints,  by  any  means,  and  a  sensible  contractor  will  look  sharply  to 
his  own  interests  where  the  elements  of  uncertainty  involve  large 
sums. 

The  real  i>oint  in  question  is  the  clause  in  the  contract  which 
imposes  certain  duties  upon  the  engineer.  In  so  far  as  these  duties 
are  definite,  the  engineer  should  be  absolutely  impartial,  and,  to  his 
glory  be  it  said,  he  generally  is.  In  fact,  so  far  as  the  measure- 
ment of  quantities  is  concerned,  the  whole  system  of  contracting 
is  based  upon  the  honor  and  integrity  of  the  engineer.  Many  thou- 
sands of  dollars  are  paid  each  year  on  estimates  of  the  engineer 
which  are  taken  on  faith,  seldom  being  questioned  unless  the  con- 
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tractor  is  losing'  money.  Engineers  are  generally  honeet,  bat  it 
would  not  be  well  for  contractors  to  depend  very  largely  on  tbeir 
assistance.  Their  duty  is  to  conserve  the  interests  of  their  em- 
ployers, and  they  have  the  credit  of  doing  so  very  successfully — in 
fact,  so  successfully  that  their  employers,  the  world  over,  are  the 
multi-millionaires,  while  the  engineer — ^has  any  one  heard  of  a 
multi-millionaire  engineer? 

There  have  been  times  when  a  contractor,  engaged  upon  woik 
of  unusual  difficulty  and  of  great  importance,  has  found  himself  in 
financial  trouble  and  has  been  aided  in  some  way  to  finish  his  work. 
He  may  have  been  g^ven  more  work  at  a  better  rate,  or  he  may  have 
been  g^iven  extra  compensation.  Such  things  are  done,  not  in  the 
nature  of  generosity,  but  because,  in  an  emergency,  it  has  seemed 
the  best  way  to  keep  his  plant  and  force  at  work  and  complete  the 
undertaking.  One  should  not  get  the  idea  that  such  things  are 
gratuities. 

This  is  a  good  place  to  point  out  an  essential  difference  between 
public  and  private  work.  Contracts  with  municipalities  or  other 
forms  of  government  are  entered  into  in  pursuance  of  law.  AH 
conditions  surrounding  the  receipt  of  proposals  and  the  letting  and 
performance  of  contracts  are  provided  for  and  governed  by  law. 
In  such  cases  the  duties  of  the  engineer  are  very  explicit,  and 
neither  he  nor  any  other  individual  has  authority  to  vary  the  terms 
of  a  contract  in  the  least.  If  changes  become  necessary,  the  legal 
provision  therefor  must  be  strictly  followed.  It  may  happen,  and 
sometimes  does,  that  the  engineer  in  charge  of  public  work  assumes 
authority  to  make  changes  and  does  make  them  without  any  serious 
consequences,  but  that  fact  does  not  alter  the  case.  He  makes  the 
changes  on  his  own  responsibility  and  at  his  own  risk.  If  he  has 
erred  in  judging  the  temper  and  forbearance  of  the  people,  his 
reputation  may  be  ruined,  and  he  has  no  defense.  The  law  is 
against  him,  and  only  his  friends  will  believe  him  innocent. 

This  has  been  a  stumbling  block  for  the  engineer  in  leaving  pri- 
vate work  to  enter  the  service  of  the  Government.  The  liberties  which 
he  took  with  contracts,  when  only  his  principal  and  the  contractor 
were  interested,  cannot  be  repeated  with  impunity  in  the  Govern- 
ment service.  It  is  necessary  that  all  changes  shall  be  performed 
in  a  stipulated  and  formal  manner.    This  is  a  safeguard  against 
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comiptipn,  and  to  ignore  it  is  to  raise  a  presumption  of  fraud. 
**Helping  out''  a  contractor  on  Goyemment  work  has  brought  more 
than  one  engineer  to  grief,  and  this  difference  should  be  remembered. 

No  inspection  can  be  of  much  value  unless  supported  by  power 
to  secure  what  the  inspector  demands.  As  we  have  seen,  this  power 
should  be  provided  in  the  contract,  and  is  vested  primarily  in  the 
party  of  the  first  part.  The  power  of  the  engineer  lies  first  in  his 
knowledge  of  the  subject  and  his  ability  to  demonstrate  the  injury 
that  may  result  from  a  failure  to  carry  out  his  plans. 

A  secondary  power  lies  in  the  custom  of  making  payments  sub- 
ject to  his  approval.  He  can,  by  withholding  payments,  be  sure 
that  his  protests  will  be  heard;  but  it  must  be  assumed  by  the  in- 
spector that  power  exists  to  sustain  his  action,  and  to  the  full  sup- 
port of  that  power  he  is  surely  entitled.  It  is  a  waste  of  money  to 
keep  an  inspector  on  a  job  if  his  reports  are  not  to  be  heeded,  but 
it  is  also  far  worse  than  that.  If  the  contractor  finds  the  inspector 
has  no  support,  his  presence  will  be  ignored,  and  the  work  will 
suffer.  Were  there  no  pretense  at  inspection,  the  case  would  not  be 
so  bad,  but,  in  placing  an  inspector  on  a  piece  of  work,  the  engineer 
says  in  effect  to  his  client,  ''Your  work  is  under  close  supervision 
and  will  be  properly  done."  Then,  if  he  ignores  his  inspector,  he 
deceives  his  client. 

Owing  to  the  imperfections  of  human  life,  it  will  always  be  true 
that,  for  one  reason  or  another,  some  inspectors  are  incompetent, 
but  their  cases  should  be  exceptional.  It  is  fair  to  presume  that 
the  inspector  knows  his  business,  and,  in  employing  him,  the  en- 
gineer becomes  his  sponsor.  That  inspectors  are  discharged  and 
transferred  is  not  always  their  own  fault.  Lack  of  moral  courage, 
ignorance  of  the  necessities  of  the  work,  and  inability  to  direct  the 
work  of  others  are  some  of  the  faults  which  engineers  display  in 
handling  their  inspectors.  Lack  of  appreciation  is  another.  Few 
things  will  do  so  much  to  aid  and  encourage  an  inspector  as  the 
knowledge  that  his  superior  is  familiar  with  and  pleased  by  his 
work.  The  inspector's  failure  to  please  is  often  due  to  the  fact  that 
his  chief  has  failed  to  keep  in  touch  with  him  and  let  his  wants  be 
known.  Perfect  loyalty  is  expected  from  an  inspector,  but  sucli 
loyalty  requires  a  confidence  which  is  the  result  of  close  personal 
relations.    In  Oovemment  work,  especially,  where  it  is  often  vai- 
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possible  for  a  man  in  a  subordinate  position  to  tell  who  has  'Uie  real 
control  of  his  department,  an  inspector  stands  in  especial  need  of  a 
strong  and  fearless  superior,  who  is  not  afraid  to  do  what  is  right 
and  knows  how  to  have  his  orders  obeyed. 

The  inspector  is  frequently  thrown  in  closer  contact  with  the 
contractor  than  with  his  own  employer,  and  finds  his  friends  in  the 
contractor's  camp.  Under  these  circumstances  it  requires  a  hi^ 
order  of  character  to  be  at  all  times  faithful  to  his  trust.  The  diffi- 
culties and  temptations  surrounding  his  life  are  great,  and  he  needs 
his  employer's  full  moral  support. 

An  engineer  who  will  seek  to  learn  from  the  contractor  whether 
the  inspector  is  a  good  one,  or  who  will  reprove  or  over-rule  his 
inspector  on  complaint  of  the  contractor,  has  little  knowledge  of 
the  duties  of  his  office.  There  should  be  no  occasion  to  over-ruk 
an  inspector.  It  is  the  business  of  the  engineer  to  foresee  and  pie- 
vent  it.  Until  he  is  sure  of  his  inspector,  he  should  keep  in  such 
close  touch  with  the  work  as  to  prevent  a  conflict. 

It  is  a  curious  fact  that  much  of  the  friction  which  arises  be- 
cause of  inspection  is  due  to  little  things  about  which  the  contractor 
cannot  afford  to  fight,  and  the  question  arises,  why  does  he  do  it! 
The  answer  is  believed  to  be  that  it  is  a  question  of  personality 
rather  than  a  question  of  workmanship.  If  men  cannot  agree  th^ 
will  fight,  no  matter  how  small  the  importance  of  the  issue;  from 
which  we  immediately  conclude  that  the  all-essential  requirement  of 
inspection  is  tact.  Tact  is  the  ''Open  sesame''  to  the  success  of 
the  constructing  engineer  and  all  his  assistants.  A  great  engineer 
without  tact  is  in  many  ways  a  failure.  With  tact,  he  could  conquer 
the  world. 

In  looking  back  over  the  subject,  an  estimate  may  now  be  formed 
of  the  preparation  or  training  desired  in  a  pro8i)ective  inspector. 
As  the  term  has  been  used  somewhat  loosely,  to  apply  to  engineers 
in  charge  of  construction  as  well  as  to  men  whose  duties  are  con- 
fined to  a  specific  subject,  it  is  necessary  to  discriminate.  The  en- 
gineer, of  course,  must  have  a  technical  training,  but  his  education 
should  be  broader,  embracing  something  of  law  and  of  businesB 
methods.  These  things  he  may  acquire  by  experience.  He  shoul4 
be  brave  morally,  never  hesitating  about  a  question  of  honor,  and 
he  should  be  just  and  honorable  in  all  his  business  relations.    To 
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these  qualifications  he  must  add  a  liberal  supply  of  tact.  Without 
it  the  struggle  is  too  hard.  He  might  better  expend  his  energies  in. 
some  other  direction. 

An  inspector  may  or  may  not  have  had  a  technical  education. 
It  is  always  an  advantage,  but  seldom  essential.  He  needs  prin- 
cipally a  few  years  of  experience  in  the  affairs  of  the  world,  a  fair 
degree  of  intelligence,  unquestioned  honesty,  and  a  generous  amount 
of  tact.  An  effort  is  sometimes  made  to  get  a  mason  to  inspect 
masonry,  a  woodsman  to  inspect  ties,  and  so  on.  Such  a  policy  is 
wise  at  times.  Very  often  it  is  not.  The  plans  for  engineering 
work  so  often  vsLry  widely  from  the  local  practice  in  various  callings, 
that  preconceived  notions  are  a  detriment,  and  detract  from  one's 
value  as  an  inspector.  An  inspector's  mind  should  always  be  open 
to  receive  new  instructions.  He  should  not  answer  *^'es,  yes,"  to 
questions  about  his  understanding  of  a  given  matter,  and  then 
govern  his  actions  entirely  by  his  own  experience.  He  can  much 
better  disi)ense  with  the  previous  experience. 

Inspectors  trained  directly  in  the  work  they  are  to  do  are  most 
desirable,  and  the  best  way  to  get  them  is  to  train-  them.  For  this 
purpose,  the  young  technical  graduate  is  without  a  peer.  His  edu- 
cation enables  him  to  grasp  readily  the  fundamentals  of  the  subject ; 
his  mental  attitude  is  that  of  one  ready  to  learn,  and  the  ambition 
and  energy  which  have  enabled  him  to  complete  successfully  a 
difficult  course  of  study  will  enable  him  to  overcome  most  of  the 
difficulties  of  inspection.  Such  men  also  outrank  the  average  man 
in  integrity  and  honor,  and  have  a  breadth  of  view  that  enables 
them  to  comprehend  the  whole  situation.  Their  greatest  lack  is 
tact,  for  where  the  mind  is  steadily  concentrated  on  study  for  too 
long  a  time  it  does  not  seem  to  grasp  the  common  affairs  of  every- 
day life.  This  deficiency  is  sometimes  made  up  very  quickly  and 
sometimes  not  at  all.  Without  tact,  a  man  should  not  be  an  in- 
spector.   With  it,  he  need  have  no  doubt  of  his  success. 
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Mr.Dairympie.  F.  W.  Dalrymple^  Assoc.  M.  Am.  Soc.  C.  E. — The  speaker  pre- 
sents an  example  of  the  actual  use^of  water,  both  for  manufacturing 
nnd  domestic  purposes,  on  a  considerably  larger  scale  than  that 
given  by  the  author. 

The  City  of  Bayonne,  N.  J.,  has  a  population  of  42  260,  by  the 
recent  State  census.  The  water  for  public  uses  is  delivered  to  tiie 
city  pipes  by  the  New  York  and  New  Jersey  Water  Comimny,  and 
is  distributed  to  the  consumers  through  pipe  lines  owned  by  the  city. 

Every  tap,  of  whatever  class,  is  provided  with  a  meter,  and  it  is 
thus  possible  to  ascertain  the  quantity  of  water  used  by  the  different 
classes  of  consumers. 

There  are  about  twenty  large  manufacturing  concerns  within 
the  city,  the  principal  one  being  the  Standard  Oil  Company,  whose 
consumption  of  water  ranges  from  1100  000  to  1500000  gaL  per 
day. 

The  population  is  made  up  largely  of  the  workers  in  these  fac- 
tories, but  there  are  also  many  residents  who  do  business  in  New 
York.  The  water  consumption  per  capita,  in  gallons  -per  day,  for 
the  quarter  ending  October  Ist,  1906,  was  as  follows : 

*Thi8  discussion  (of  the  paper  by  K.  F.  Cooper,  Jun.  Am.  Soc.  C.  E.,  printed  in  Pro- 
ceedings for  August,  1905),  is  printed  in  Proceedings  in  order  that  the  views 
may  be  brought  before  all  members  for  further  discussion. 
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For  domestic  uses 36.0  Mr.Dalrymple. 

For  manufacturing  purposes 56.9 

Total 91.9 

The  total  number  of  gallons  used  per  day  was  3  8S4  000. 

The  figures  for  domestic  use  include  the  water  consumption  of  a 
number  of  small  manufacturing  concerns  which  could  not  be 
s^arated  from  the  others. 

Alexander  Potter,  Assoc.  M.  Am.  Soc.  C.  E. — An  important  Mr.  Potter, 
factor  affecting  the  consumption  of  water  is  the  pressure  or  head  on 
the  system  under  consideration.  The  greater  the  head  the  greater 
the  waste  in  drawing  water  from  the  faucet,  for  it  is  an  almost 
universal  practice  to  let  the  water  run  a  while  before  using.  The 
greater  the  head  the  greater  the  leakage,  also^  through  the  pipe 
joints  in  the  streets.  In  the  plant  described,  the  head  is  stated  to 
be  65  ft.,  a  condition  favorable  to  low  losses  from  the  causes  men- 
tioned. The  observations  made  by  the  speaker  on  small  water- 
works systems  warrant  this  conclusion. 

The  speaker  has  questioned  the  wisdom  of  the  practice  followed 
by  a  number  of  well-known  engineers  in  estimating  even  higher 
than  existing  per  capita  consumptions  in  designing  additional  water 
supplies  and  trunk  sewers.  The  conditions  in  American  cities  must 
in  time  approach  more  closely  those  of  European  cities,  and  projects 
planned  for  a  maximum  service  in  25  or  30  years  should  be  based 
upon  this  inevitable  reduction  in  per  capita  consumption.  Ameri- 
can people  are  too  wasteful  of  water.  At  present  they  do  not  study 
the  small  economies,  as  they  will  sooner  or  later.  Preventable  waste 
of  water  is  a  study  which  is  still  in  embryo.  Notwithstanding  that 
many  meters  are  already  installed,  their  use  has  scarcely  begun,  for 
they  seem  to  be  the  only  means  at  hand  to  insure  against  preventable 
waste.  We  are  more  careful  of  our  own  and  of  what  we  must  pay 
for  than  we  are  of  our  neighbors'  or  of  common  property.  Whether 
water  is  cheap  or  expensive  to  deliver  to  consumers,  it  should  be 
paid  for  strictly  on  the  basis  of  quantity  used.  When  there  is  an 
intelligent  appreciation  of  the  correctness  of  this  principle,  by  the 
people  generally,  there  will  be  a  greater  incentive  to  economize. 

The  question  is  not  simply  one  of  finance,  but  the  more  serious 
one  of  the  possible  exhaustion  of  the  available  sources  of  potable 
water.  There  are  many  towns,  approaching  the  limits  of  their  ex- 
isting supplies,  having  no  place  to  which  they  can  turn  for  ad- 
ditional water,  except  at  vastly  increased  cost. 

The  lavish  use  of  water  not  only  affects  the  water  supply,  but 
also  the  cost  of  construction  of  large  outlet  sewers  built  upon  the  ^ 

separate  system.    The  lavish  use  of  water  is .  a  two-edged  sword, 
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Mr.  Potter,  which  makes  itself  felt  both  coming  and  going.  It  is  the  duty  of 
engineers  to  mould  public  opinion  and  educate  the  people  toward 
greater  economies  in  these  matters. 

Mr.  Uewee.  V.  H.  Hewes^  M.  Am.  Soc.  C.  E. — Mr.  Owen  having  called  at- 
tention to  the  difficulty  of  having  the  caulking  well  done,  and  also 
the  large  losses  due  to  leaks  caused  by  faulty  caulking,  it  has  oc- 
curred to  the  speaker  that,  when  there  are  so  many  small  portable 
compressor  plants  on  the  market,  by  using  a  pneumatic  tool,  the 
caulking  could  be  done  more  quickly  and  more  perfectly  than  when 
the  work  is  done  by  hand-driving,  thus  avoiding  the  dificulty  of 
making  tight  joints  on  the  under  side  of  the  pipe. 

Another  waste  of  water,  pointed  out  by  Mr.  Potter  in  a  communi- 
cation to  a  daily  newspaper,  is  due  to  the  street  cleaning  department 
sluicing  or  washing  the  dirt  from  the  streets  into  the  sewers  wi^ 
hose  attached  to  fire-hydrants. 
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MINUTES  OF  MEETINGS. 


OF  THE  SOCIETY. 


December  6th,  1905* — The  meeting  was  called  to  order  at  8.35 
p.  M.;  President  C.  C.  Schneider  in  the  chair;  Chas.  Warren  Hunt> 
Secretary ;  and  present,  also,  128  members  and  22  guests. 

The  minutes  of  the  meetings  of  November  1st  and  16th,  1905, 
were  approved  as  printed  in  the  Proceedings  for  November,  1905. 

A  paper  by  Naoji  Shiraishi,  M.  Am.  Soc.  C.  E.,  entitled  "A  New 
Graving  Dock  at  Nagasaki,  Japan,"  was  presented  by  the  Secre- 
tary, who  also  read  a  communication  on  the  subject  from  E.  P. 
Goodrich,  M.  Am.  Soc.  C.  E.  The  paper  was  discussed  orally  by 
Messrs.  C.  M.  Jacobs  and  K.  C.  HoUyday. 
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The  Secretary  read  the  following  letter  from  Thomas  Fitck 
Kowland,  Hon.  M.  Am.  Soc.  C.  £. : 

'^329  Madison  Avenue, 

"New  York  City, 

"Nov.  14th,  1905. 

**Mr.  Charles  Warren  Hunt,  C.  E., 

"Secy.,  The  American  Society  of  Civil  Engrs., 
"No.  220  West  57th  Street, 

"New  York  City,  N.  Y. 

"Dear  Mr.  Hunt: — 

A  "Kesponding  to  your  commiinication  of  the  1st  instant,  and  con- 
firming my  statement  made  to  you  on  the  occasion  of  our  interview 
at  my  residence  on  Monday,  the  6th  instant,  I  enclose  check,  drawn 
to  the  order  of  The  American  Society  of  Civil  Engineers,  for  FItc 
Thousand  Dollars  ($5,000)  which  I  present  as  a  donation  towarik 
assisting  in  the  payment  for  enlarging  and  improving  the  ground 
and  Society  House,  which  has  now  heen  about  accomplished. 

"When  by  the  vote  of  the  members  of  The  Am.  Soc.  of  C.  E.,  th^ 
declined  to  occupy,  with  other  Technical  Associations,  a  common 
'Home'  or  general  'Society  House,'  to  be  furnished  by  Mr.  Andrew 
Carnegie,  but  somewhat  tranmieled  with  conditions,  the  acceptance 
of  which  would  probably  necessitate  the  sale  of  our  West  67th  Street 
proQiises,  and,  in  a  measure,  cause  us  to  lose  something  of  our  iden- 
tity, I  wrote  and  voted  in  earnest  protest  of  the  scheme. 

"For  several  reasons  I  was  much  opposed  to  the  Society  becom- 
ing identified  therewith,  believing  it  would  result  in  the  loss  of  much 
of  our  acknowledged  prestige,  and  in  the  belittlement  of  our  organi- 
zation. 

"The  Society  House  which  we  then  and  now  possess  and  occupy, 
seemed  to  me  to  be  a  better  location  for  us,  and  I  decided  when  the 
vote  was  known,  that  if,  in  the  future,  it  became  desirable  to  enlarge 
the  area  of  the  ground  and  the  acoonunodations  of  the  building,  I 
would  be  pleased  to  do  something  in  the  way  of  assisting  in  the  pay- 
ment therefor,  and  so  expressed  myself  to  one  or  two  of  the  members 
of  the  Society,  as  I  remember  it. 

"Therefore,  I  send  this  check,  not  as  a  loan,  but  as  a  gift,  whereby 
I  desire  to  do  my  part  in  canceling  the  indebtedness  which  has  been 
incurred  by  reason  of  these  improvements,  and  I  desire  no  con- 
sideration or  acknowledgment  therefor. 

"The  fact  that  for  about  thirty-nine  years  I  have  been  a  member 
of  this  Society,  and  in  the  enjoyment  of  all  of  its  privileges,  I  con- 
sider is  compensation  enough  for  me,  and  I  beg  the  Society  will 
accept  this  sum  which  I  herewith  present  as  a  gift,  and  use  it  in 
such  way  and  in  3uch  interest  as  the  Board  of  Directors  may  deter- 
mine, to  be  most  advantageous  to  the  Society. 

"With  my  best  regards  and  kind  respects  for  the  directorship  and 
for  yourself,  I  am.  Sir  1  Dear  Mr.  Hunt, 

"Faithfully  yours, 

"Thomas  Fitch  Rowland.' 


M 


lONUTES  OF   1CEBTIK08.  531 

It  was  moved  by  Emil  Kuichling,  M.  Am.  Soc.  C.  E.,  sec- 
onded by  Chas.  S.  Gowen,  M.  Am.  Soc.  C.  E.,  and  carried  unani- 
xbously,  that  the  thanks  of  this  Society  be  tendered  to  Thomas  Fitch 
Rowland,  Hon.  M.  Am.  Soc.  C.  E.,  for  the  munificent  donation  of 
$5  000  which  he  has  just  made  to  this  Society  at  a  time  when  it  is 
particularly  desirable;  and  that  the  President  of  the  Society  be 
requested  to  convey  such  thanks  to  Mr.  Rowland  in  proper  official' 
form. 

Ballots  for  membership  were  canvassed,  and  the  following  can- 
didates elected: 

As  Members. 

Hermann  Alber^  Birmingham,  Ala. 

Arohibald  Stuart  Baldwin^  Chicago,  111. 

Charles  Lincoln  Carpenter^  Matachin,  Canal  Zone,  Panama. 

WiLLUM  Billings  Clapp^  Los  Angeles,  Cal. 

Theodore  Boyden  Ford,  Bridgeport,  Conn. 

John  Debo  Oalloway,  San  Francisco,  Cal. 

George  Aiken  Gilfillan,  Pittsburg,  Pa. 

Albert  William  Newton,  St.  Louis,  Mo. 

Frank  Lee  Nicholson,  Norfolk,  Va. 

Oren  Elisha  Parks,  Westfield,  Mass. 

Frank  Charles  Warner,  Delaware  City,  DeL 

Frederic  James  Wood,  Foxboro,  Mass. 


As  Associate  Members. 

Raymond  Edmond  Adams,  Washington,  D.  C. 

Eluot  Ritchie  Barclay  Allardice^  Clinton,  Mass. 

Eugene  Yorke  Allen,  South  Orange,  N.  J. 

Walter  Esmond  Barnes,  Boston,  Mass. 

Con  Morrison  Buck,  Topeka,  Kans. 

John  Edward  Grady,  Chicago,  111. 

John  Lathrop  Gray,  Bayonne,  N.  J. 

John  Lewis  Hildreth,  Jr.,  Brooklyn,  N.  Y. 

Chester  James  Hogue,  Boston,  Mass. 

WiLLUM  Meadowcroft,  Iloilo,  Panay,  Philippine  Islands. 

Ludlow  Lawrence  Melius,  Glenmont,  N.  Y. 

Oscar  Melvern  Severson,  Buffalo,  N.  Y. 

Wgllum  Warburton  Knox  Sparrow,  Queenstown,  Cape  Colony, 

South  Africa. 
Charles  Wood  Sutton,  Lima,  Peru. 
Frank  Westervelt  Tooker,  New  York  City. 
Owen  Adelbert  Wait,  Duluth,  Minn. 
Robert  Alexander  Widdicombe,  Chicago,  lU. 
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As  Associate. 
Alfred  Gaunt  Patton,  Philadelphia,  Pa. 

The  Secretary  announced  the  transfer  of  the  following  candi- 
dates, by  the  Board  of  Direction,  on  December  5th,  1906 : 

From  Associate  Member  to  Member. 

George  Morgan  Bacon,  Salt  Lake  City,  Utah. 
Werner  Boecklin,  West  New  Brighton,  N.  Y. 
Frank  Dodge  Leffingwell,  Montclair,  N.  J. 
Edgar  Walter  McCormack,  Mayari,  Cuba. 
Frank  Edward  Winsor^  Boston,  Mass. 

The  election  of  the  following  candidates,  by  the  Board  of  Direc- 
tion: 

As  Juniors. 

On  June  6th,  1906 : 

Leslie  Monroe  Fry,  Bemidji,  Minn. 

On  October  3d,  1905 : 

Charles  Russell  Turner,  Quantanamo,  Cuba. 

On  December  6th,  1905 : 

Willum  Howard  Alderson,  San  Francisco,  Oal. 
Arthur  Whittemore  Bacon,  Fort  Edward,  N.  Y. 
Joseph  Spencer  Crane,  Newark,  N.  J. 
James  Templeton  Libbey,  Corry,  Pa. 
Edwin  Hopkins  Seaman,  New  York  City. 
Philip  Hichborn  Spear,  Elizabeth,  N.  J. 

The  Secretary  announced  the  following  deaths : 

Justin  Burns,  elected  Associate  Member,  April  6th,  1898;  died 
November  14th,  1906. 

Louis  Ralph  Lavalle,  elected  Associate  Member,  February  1st, 
1905 ;  died  November  15th,  1905. 

Thomas  John  Long,  elected  Junior,  November  3d,  1875;  Member, 
January  7th,  1880 ;  died  November  20th,  1906. 

Gabriel  Leverech,  elected  Member,  July  6th,  1870 ;  Secretary  for 
the  years  1872-1877  (inclusive) ;  died  November  28th,  1906. 

Thomas  Cooper  Coleman,  elected  Fellow,  May  28th,  1872;  date 
of  death  unknown. 

George  Draper  Stratton,  elected  Associate  Member,  Januair 
8th,  1902 ;  died  November  2l8t,  1905. 

Adjourned. 
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December  aoth«  1905.— The  meeting  was  called  to  order  at  8.40 
p.  M.;  Allen  Hazen,  M.  Am.  Soc.  C.  E.,  in  the  chair;  Chas.  Warren 
Hunt,  Secretaiy;  and  present,  also,  93  members  and  22  guests. 

A  paper,  by  H.  B.  Stanford,  M.  Am.  Soc.  C.  E.,  entitled  '^^he 
Inspection  of  Treatment  for  the  Protection  of  Timber  by  the  Injec- 
tion of  Creosote  Oil,"  was  presented  by  the  Secretary,  who  also  read 
communications  on  the  subject  from  Messrs.  James  C.  Haugh,  J.  L. 
Campbell,  Theodore  Belzner,  Cliff  S.  Walker,  and  E.  H.  Bowser. 

The  Secretary  announced  the  death  of  William  Marshall  Bees, 
elected  Member,  October  4th,  1906;  died  December  4th,  1906. 

Adjourned. 

OP  THE  BOARD  OF  DIRECTION. 

(Abstract.) 

December  5th,  1905. — ^President  Schneider  in  the  chair;  Chas. 
Warren  Hunt,  Secretary ;  and  present,  also,  Messrs.  Bissell,  Bowman, 
Craven,  Ellis,  Oowen,  Kuichling,  Landreth,  N.  P.  Lewis,  Osgood, 
and  Webster. 

The  following  resolution  was  adopted: 

"Resolved,  That  it  is  the  sense  of  the  Board  of  Direction  that 
papers  offered  to  the  Society  for  publication,  whether  they  are  to  be 
presented  before  a  local  organization  or  not,  shall  be  first  accepted 
by  the  Publication  Committee  and  published  in  the  Proceedings  of 
the  Society." 

The  following  Committee  was  appointed  to  take  charge  of  the 
arrangements  for  the  Annual  Meeting: 

Messrs.  Joseph  Strachan,  £.  McL.  Long,  and  Chas.  Warren  Hunt. 

A  letter  from  Thomas  Fitch  Rowland,  Hon.  M.  Am.  Soc.  C.  E., 
transmitting  a  gift  of  $5  000  to  the  Society  was  presented.* 

The  President  and  Secretary  were  authorized  to  convey  to  Mr. 
Rowland  the  thanks  of  the  Society  through  the  Board  of  Direction 
for  this  munificent  gift. 

Applications  were  considered,  and  other  routine  business  trans- 
acted. 

Five  Associate  Members  were  transferred  to  the  grade  of  Mem- 
ber, and  six  candidates  for  Junior  were  elected. 

Adjourned. 

*  See  page  680. 
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ANNOUNCEMENTS. 

The  House  of  the  Society  is  open  from  9  A.  M.  to  10  P.  Jt. 
every  day,  excefit  Sundays,  Fourth  of  July,  Thanksgivliis  Day  aad 
Christinas  Day. 

MEETINQS. 

Wednesday,  January  3d,  1906. — 8.30  p.  m. — ^A  regular  busineas 
^meeting  will  be  held.  Ballots  for  membership  will  be  canvasBed, 
and  a  paper,  entitled  ^The  Position  of  the  Constnicting  Engineer, 
and  his  Duties  in  Belation  to  Inspection  and  the  Enforcement  of 
Contracts/'  by  Albert  J.  Himes,  M.  Am.  Soc.  C.  E.,  will  be  presented 
for  discussion. 

This  paper  was  printed  in  Proceedings  for  November,  1905. 

Wednesday,  February  7th,  1906. — 8.30  p.  m. — ^A  regular  business 
meeting  will  be  held.  Ballots  for  membership  will  be  canvassed, 
and  a  paper,  entitled  ''Test  of  a  Three-Stage,  Direct-Connected  Cen- 
trifugal Pumping  Unit,''  by  Philip  E.  Harroun,  M.  Am.  Soc.  C.  K, 
will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 

Wednesday,  February  aist,  1906.— 8.30  p.  m.— At  this  meeting 
a  paper,  entitled  ''The  Economical  Design  of  Eeinforcod  Concrete 
Floor  Systems,  for  Fire-Resisting  Structures,"  by  John  S.  Sewell, 
M.  Am.  Soc  C.  E.,  will  be  presented  for  discussion. 

This  paper  is  printed  in  this  number  of  Proceedings. 


ANNUAL  MEBTINO. 

The  Fifty-third  Annual  Meeting  will  be  held  at  the  Society 
House,  on  Wednesday  and  Thursday,  January  17th  and  18th,  1908. 
The  Business  Meeting  wiU  be  called  to  order  at  10  o'clock  on 
Wednesday  morning.  The  Annual  Eeports  will  be  presented,  of- 
ficers for  the  ensuing  year  elected,  members  of  the  Nominating  Com- 
mittee appointed  and  a  proposed  Amendment  to  the  Constitation 
discussed.  A  report  is  also  expected  from  the  Special  Committee 
on  Kail  Sections. 

On  Thursday  evening,  January  18th,  1906,  a  paper,  entitled 
"The  Changes  in  the  New  Croton  Dam,"  by  Charles  S.  Gowen, 
M.  Am.  Soc.  C.  E.,  will  be  presented  and  illustrated  with  lantern 
slides.    This  paper  is  printed  in  this  number  of  Proceedings. 
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Arrangements  for  the  excursions  and  entertainment&r  have  been 
placed  in  the  hands  of  the  following  committee : 

Joseph  Strachan^  Chairman; 
Eugene  McLean  Long^  Chas.  Warren  Hunt. 

NOMINATINQ  COMMITTEE. 

The  Constitution  provides  that,  at  the  Annual  Meeting  of  each 
year,  seven  Corporate  Members,  not  officers  of  the  Society,  one  from 
each  of  the  geographical  districts  into  which  the  Society  is  divided 
for  this  puriwse,  shall  be  appointed  by  the  meeting,  to  serve  two 
years. 

The  usual  blank  request  for  suggestions  as  to  representatives  of 
each  district,  for  presentation  to  the  meeting,  has  been  mailed  to 
Corporate  Members. 

PROPOSED  AMENDMENT  TO  THE  CONSTITUTION. 

The  following  proposed  amendment  to  the  Constitution  has  been 
received  by  the  Secretary,  and  has  been  sent  to  all  Corporate  Mem- 
bers of  the  Society.  In  accordance  with  the  provisions  of  Section  2 
of  Article  IX  of  the  Constitution,  it  will  be  considered  at  the  Annual 
Meeting,  January  17th,  1906 : 

''Amend  Article  II,  Section  2,  as  follows:  insert  after  the  word 
'Civil'  in  the  first  line  'Engineer  who  shall  have  reached  a  position 
of  recognized  standing  in  the  profession,  in  its  several  branches 
including.'  Also  strike  out  all  of  the  second  line  beginning  with 
the  word  'Electrical'  and  insert  'and  Electrical  Engineering  or  in 
Architecture  or  Marine  Architecture.'  Also  strike  out  all  after  the 
word  'age'  in  the  fourth  line. 

"The  section  will  then  read: 

"2.  A  Member  shall  be  a  Civil  Engineer  who  shall  have  reached 
a  position  of  recognized  standing  in  the  profession,  in  its  several 
branches  including.  Military,  Naval,  Mining,  Mechanical  and  Elec- 
trical Engineering  or  in  Architecture  or  Marine  Architecture.  He 
shall  be  at  the  time  of  admission  to  membership  not  less  than  thirty 
years  of  age," 

The  foregoing  amendment  is  proposed  by  the  following  Corporate 
Members: 

Jas.  Owen,  S.  Whinery, 

Ralph  H.  Chambers,  A.  P.  Boller, 

Philip  W.  Henry,  Foster  Crowell. 
Walter  H.  Sears, 
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PRIVILBQES    OF    ENQINEERINQ    SOCIETIES 

EXTENDED  TO  MEMBERS  OF  THE 
AMERICAN   SOCIETY  OF  aVIL   ENGINEERS. 

Members  of  the  American  Society  of  Civil  Engineers  will  be  wel- 
comed by  the  following  Engineering  Societies,  both  to  the  use  of 
their  Beading  Booms  and  at  all  meetings: 

North  of  England  Institute  of  Mining  and  Mechanical  Bogiiieers, 

Newcastle-upon-Tyne,  England. 

Society  of  Engineers,  17  Victoria  Street,  Westminster,  S.  W.. 
Enp^land. 

American  Institute  of  Mining  Engineers,  99  John  Street,  Xew 
York  City. 

Boston  Society  of  Civil  Engineers,  715  Tremont  Temple,  Boston. 
Mass. 

Civil  Engineers'  Ciub  of  Cleveland,  689  The  Arcade,  Cleveland. 
Ohio. 

Engineers'  Ciub  off  St.  Louis,  3817  Olive  Street,  St.  Louis,  Mo. 

Engineers'  Club  of  Philadelphia,  1122  Girard  Street,  Philadel- 
phia, Fa. 

Engineers'  Society  of  Western  Pennsylvania,  410  Penn  Avenue, 
Pittsburg,  Pa. 

Western  Society  of  Engineers,  1737  Monadnock  Block,  Chicago. 
111. 

Louisiana  Engineering  Society,  604  Tulane-Xewcomb  Building. 
New  Orleans,  La. 

Engineers'  Club  of  Central  Pennsylvania,  Comer,  Second  and 
Walnut  Streets,  Harrisburg,  Pa. 

Engineers'  and  Architects'  Club  of  Louisville,  Ky.,  303  Norton 
Building,  Fourth  and  Jefferson  Streets,  Louisville,  Ky. 

Teknisk  Forening,  Vestre  Boulevard  18-1,  Copenhagen,  Denmark. 

Societe  des  Ingenieurs  CIvlls  de  France,  19  Rue  Blanche,  Paris, 
France. 

Svenska  Teknologfbrenigen,  Brunkebergstorg  18,  Stockholm,  Swe- 
den. 

Institute  of  Marine  Engineers,  58  Romford  Road,  Stratford,  Loo- 
don,  £.,  England. 

Midland  Institute  of  Mining,  Civil  and  Mechanical  Engineers, 
Sheffield,  England. 

Sachsischer  Ingenleur-  und  Architekten*  Verein,  Dresden,  Crer- 
many. 

Assoclas&o  dos  Engenheiros  Civis  Portugueses,  Lisbon,  Portu- 
gal. 

Pacific  Northwest  Society  of  Engineers,  617-618  Pioneer 
Building,  Seattle,  Wash. 
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Instlttttion  of  Naval  Architects,  5  Adelphi  Terrace,  London, 
W.  C,  England. 

Memphis  Engineering  Society,  Memphis,  Tenn. 

Oesterreichischer  Ingenleur-  und  Archltekten-Verein,  Eschen- 
bachgasse  9,  Vienna,  Austria. 

The  Junior  Institution  of  Engineers,  39  Victoria  Street,  West- 
minster, S.  W.,  London,  England. 

SEARCHES  IN  THE  LIBRARY. 

In  January,  1902,  the  Secretary  was  authorized  to  make  searches 
in  the  Lihrary,  upon  request,  and  to  charge  therefor  the  actual  cost 
to  the  Society  for  the  extra  work  required.  Since  that  time  many 
such  searches  have  heen  made,  and  hihliographies  and  other  infor- 
mation on  special  subjects  furnished. 

The  resulting  satisfaction,  to  the  members  who  have  made  use  of 
the  resources  of  the  Society  in  this  manner,  has  been  expressed  fre- 
quently, and  leaves  little  doubt  that,  if  it  were  generally  known  to 
the  membership  that  such  work  would  be  undertaken,  many  would 
avail  themselves  of  it. 

The  cost  is  trifling,  compared  with  the  value  of  the  time  of  an 
engineer  who  looks  up  such  matters  himself,  and  the  work  can  be 
performed  quite  as  well,  and  much  more  quickly,  by  persons  familiar 
with  the  Library. 

Copies  of  all  lists  of  references  are  flled,  so  that  in  many  cases 
it  is  only  necessary  to  make  a  typewritten  copy,  which  reduces  the 
cost  of  searches  to  a  minimum. 

In  asking  that  such  work  be  undertaken,  members  should  specif 
clearly  the  subject  to  be  covered,  and  whether  references  to  general 
books  only  are  desired,  or  whether  a  complete  bibliography,  involv- 
ing search  through  periodical  literature,  is  desired. 
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ACCESSIONS  TO  THE  LIBRARY. 

From  November  7th  to  December  9th,  1906. 

DONATIONS.* 
STRUCTURAL  MECHANICS. 

Comprising  the  Strength  and  Resistance  of  Materials  and  Ele- 
ments of  Structural  Design,  with  Examples  and  Problems.  By 
Charles  E.  Greene.  Second  Edition.  New  York,  John  Wiley  k 
Sons,  1905.    $2.50  net. 


The  preface  states  that  this  work  is  intended  to  be  serviceable  after  cli 
room  work  is  concluded,  and  reference  is  facilitated  by  a  compact  arrangement 
of  the  subject  matter.  The  attempt  has  been  made  to  deal  with  practicable 
cases,  and  the  examples,  for  the  most  part,  are  shaped  with  that  end  in  Tiev. 
It  is  stated  that  the  treatment  of  the  subject  of  Internal  stress  is  largelr 
graphical.  All  the  constructions  are  simple,  and  the  results,  besides  beins  use- 
ful in  themselves,  shed  much  light  on  various  problems.  The  notation  is 
practically  uniform  throughout  the  book,  and  is  that  used  by  several  standard 
authors.  Forces  and  motions  are  expressed  by  capital  letters,  and  unit  loads 
and  stresses  by  small  letters.  The  co-ordinate,  x,  is  measured  along  the 
length  of  a  piece,  the  co-ordinate,  y.  In  the  direction  of  variation  of  stress  la 
a  section,  and  z  is  the  line  of  no  variation  of  stress,  that  is,  the  line  parallel  to 
the  moment  axis.     There  is  an  index  of  four  pages. 

THB  PANAMA  CANAL  SYSTEM  AND  PROJECTS. 

By  Lindon  W.  Bates.  Cloth,  1^  x  9  in.,  illus.,  178  pp.  Pub- 
lished by  the  author,  1905. 

In  this  work  the  author  gives  his  own  projects  for  the  solution  of  the  Panama 
Oanal  problem.  The  contents  are :  Oeneral  Survey ;  Factors  and  Conditions ; 
Constants ;  Chagres  Control ;  Lake  Chagres  and  Panama ;  Terminal  Harbors ; 
Main  Applications  of  System ;  Miscellaneous  Disposition ;  Sanitation ;  Navigation 
Conditions ;  Finances :  and  Conclusion.  There  is  an  index  of  eight  pages.  Ttie 
second  part  of  the  book  contains  fifteen  plates,  relief  maps,  diagrams  and 
plans  with  a  descriptive  paragrraph  following  each  one  referring  to  related  mat- 
ter In  the  text.     This  part  also  contains  an  index  of  three  pages. 

QAS.  GASOLINE  AND  OIL  ENGINES. 

Including  Producer-Gas  Plants.  By  Gardner  D.  Hiscox.  Fif- 
teenth Edition.  Cloth,  9x6  in.,  illus.,  442  pp.  New  York.  The 
Norman  W.  Henley  Publishing  Co.,  132  Nassau  Street,  1906.    $2.50. 

The  preface  states  that  the  author  has  rewritten,  revised  and  added  to  tho 
contents  of  the  last  edition  of  this  work  such  materials  coming  to  his  knowl- 
edge as  will  better  represent  the  latest  standard;*  of  construction  and  operation 
of  the  explosive  motor ;  to  which  is  added  an  illustrated  chapter  on  the  pro- 
duction or  the  new  fuel  gases  and  their  uses.  He  aims  to  show  the  progress 
made  in  adapting  the  use  of  crude  petroleum  as  fuel  for  explosive  power. 
together  with  the  rapid  development  of  the  producer-gas  industry,  giving  a 
new  economy  in  the  production  of  power,  and  the  use  of  the  hitherto  neglected 
gaseous  elements  of  blast-furnace  and  coke^  manufacture,  adding  new  source 
of  power  production  at  a  nominal  cost.  The  rules  and  regulations  formulated 
by  the  Insurance  interest  for  the  safe  installation  of  gasoline-motors  and  pro- 
ducer-gas plants,  are  given  a  place  In  this  edition  as  a  matter  of  reference. 
The  list  of  patents  has  been  extended  into  the  past  year,  and  a  list  of  the  manu- 
facturers of  explosive  motors  of  all  types,  in  the  United  States  and  Canada, 
has  been  added.  The  publishers  have  had  the  entire  work  reset  from  .new  type 
and  have  added  several  hundred  new  Illustrations.  There  is  ui  index  of  more 
than  five  pages. 

ARTIFICIAL  STONE.  ETC. 

The  Illustrated  Carpenter  and  Builder  Series  of  Technical 
Manuals,  No.  13.  Edited  by  John  Black.  Cloth,  7x5  in.,  illus., 
92  pp.    New  York,  Industrial  Publication  Co.     50  cents. 

It  is  stated  in  the  preface  that  this  work  includes  some  processes  in  stMie- 
work  which,  although  they  do  not  incorporate  the  manufacture  of  stone  yet 
are  dependent  on  the  manipulation  of  stone  and  if  not  ground  up  and  manu- 

*Unles8  otherwise  specified,  books  in  this  list  have  been  donated  by  tbs 
publishers. 
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factured  ars, '  itrlctlr  Bpe&kiiiR.  BrtlBclal  stone.  The  lltenrr  portion 
curtailed  to  aSord  a  fuller  deftcrlptlon  at  many  special  proceHes  ac 
racturoB,  «acb  clalmlaE  Boma  peculiar  point  of  eicellence,  Thej  «i 
deacrltwd    and    the    reader    r---    — '  -    •^'- —..-.--       -^-    
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Gifts  have  also  been  received  from  the  followiag: 

Adanu,    Alice   D.      181    hound    vol.,    8 

Tol.,  63£  pam.,  T  apecir.,  9  mapa, 
Adama,  R.  D.     2  bound  vol. 
Atlantic  Coaat  Line  R.  R.  Co.     1  pam. 
Benael,  J,  A.     1  bound  yol.,  1  pam. 
BrlggB.  J.  A.     1  Tol. 
Brlt&h  71re  Prevention  Committee.     Z 

Canada- Interior  Dapt.    1  vol. 
Cblcago- South   Park  Comm.      SI   pam. 
Chicago.  Milwaukee  ft  St.  Paul  Ky.  Co. 

CtDClnnatl  £  Huahlngum  Valle;  R.  R. 

Cincinnati,      New     Orleana     *     Texaa 

Pacific  Rt,  Co.     1  pam. 
Cleveland,  ^kron  m  Columbua  Ry.  Co. 

Coi.  t,  H.  '  1  bound  vol. 

Da  Varana.   I.   M.      12  hound  vol..   14 

rot.,  a  pam. 
Detroit- Board    Qt    Water    Commrs.      1 

Bng.  Standards  Committee.     1  vol. 
Engrs.  Soc.  of  Weaterti  New  York.     7 

Fluk.  Henry.     1  bound  vol. 
France- M  In  latere  dea  Travaui  PubllcE, 
2  vol. 

■  1    Southern    A    Florida   ~ 

vol. 
Qreat  Northern  Rr.  ■ 


Panaina  R,  R.  Co.  &  p 
FenniiTlvanla  Co,  3  pi 
Pbiladelpbia  «  Erie  R. 


rgh.    Cincinnati 
■,  R7.   r-      " 


Purdue 


Central  H 


1  bound  vol..  1  TOI. 

John  Ry,     6  pam. 

lont.  Baron.     K.  T. 

Readtnic.  Pa. -Board  or  Water  Commrs. 

Frederickaburg  ft   Potomac 

2  pam. 
».    B.-Water   and   Sewerage 


'  DeptT' 


Shepben 


deCallurgy.    1  bound 
1  bound  TOl. 
^~MVeB.-ClIy  Bngr. 


a.- Water  Board. 


Jth  ft  Bo 

Lawrenci 

HadrMTlndla- Public  Worka  Dwt 

Hasa.-State  Board  ol  HeaKb.     1  bound 

vol. 
Ifaater  Car  Builders'  Aaaoc.   1  hound 

vol. 

Hll^r.  R.  P.    1  bound  vol..  1  pam. 
National  Elec.  Ll^t  Assoc.     2  bound 

New  York  City-Board  of  Water  Supply. 

New  YorkClty-Conimr.  of  Accounta.  6 
bound  vol..  4   vol.,   3  pam. 

New  York  City-Dept.  of  Health.  12 
bound  vol. 

New  York- State  Museum.  21  bound 
vol. 

New  York  Board  of  Fire  Underwriters. 

New  Z«^  City  Racortf.    3  bound  vol. 


1  bound  TOl, 
20   bound   vol.,   74 
South    Austria  I  la-Commr.    of    Rya.      Z 
Southern  Indiana  Rv.  Co.     1  pam. 
Stoddart.  F.  W.     1  bound  vol.,  1  pam. 
Talt.  W.  A.     1  hound  vol. 
Union  Pacific  R.  R.  Ho.     1  num. 
V.    3,    Bureau   i 
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I.  omoe  o(  Biper.  Staliona.     1  pam, 
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BY  PURCHASE. 

Le  Ciment,  i9oa-o4.    Paris,  N.  de  T^esco,  1902-04. 

Steam  PIpeSf  Their  Design  and  Construction;  a  Treatise  of  the 
Principles  of  Steam  Conveyance  and  Means  and  Materials  Employed  in 
Practice,  to  secure  Economy,  Efficiency  and  Safety.  By  Wm.  H. 
Booth,  M.  Am.  Soc.  C.  E.  New  York,  The  Norman  W.  Henley  Pub- 
lishing Company,  1905. 

Synchronous  and  Other  Multiple  Telesrrapbs ;  Some  Methods  of 
Obtaining  Independent  Telegraph  Circuits  on  a  Single  Wire  both  with 
and  without  Synchronism.  By  Albert  Cushing  Crehore.  New  York, 
McGraw  Publishing  Company,  1905. 

Mechanical  Engineer's  Pocket-Book*  By  William  Kent.  Sev- 
enth Edition,  Revised  and  Enlarged*  New  York,  John  Wiley  &  Sons; 
London,  Chapman  &  Hall,  Limited,  1905. 

Crystallization  of  Iron  and  Steel;  an  Introduction  to  the  Study 
of  Metallography.  By  J.  W.  Mellor.  London,  Longmans,  Green  & 
Co.,  1905. 

Die  Automatlsche  Regnlleruns:  der  Turblnen.  Yon  Walther 
Bauersfeld.     Berlin,  Julius  Springer,  1905. 

Engineering  Chemistry ;  a  Manual  of  Quantitative  Chemical  An- 
alysis for  the  use  of  Students,  Chemists  and  Engineers..  By  Thomas 
B.  Stilhnan.     Easton,  Pa.,  Chemical  Publishing  Co.,  1905. 

Practical  Shipbuilding;  a  Treatise  on  the  Structural  Design  and 
Building  of  Modern  Steel  Vessels,  Vols.  1-2.  By  A.  Campbell 
Holms.     New  York,  Longmans,  Green  &  Co.,  1904. 

Report  to  the  Royal  Commission  on  London  Traffic  by  the  Ad- 
visory Board  of  Engineers,  Vol.  II,  III,  and  VIII.  I^ndon,  Wyman 
and  Sons,  Limited,  1905. 

Structural  and  Field  Geology.  By  James  Geikie.  New  York, 
D.  Van  Nostrand  Company,  1905. 

Concrete ;  Its  Use  in  Building  and  the  Construction  of  Concrete 
Walls,  Floors,  Roofs,  etc.  By  Thomas  Potter.  London,  B.  T.  Bats- 
ford,  pref.  date,  1894. 

Elements  of  the  Mathematical  Theory  of  Electricity  and  Mag- 
netism. By  J.  J.  Thomson.  Third  Edition.  Cambridge,  The  Uni- 
versity Press,  1904. 

Report  of  Test  of  Metals  and  Other  Materials  for  Industrial  Pur- 
poses; made  with  the  United  States  Testing  Machine  at  Watertown 
Arsenal,  Massachusetts^  during  the  fiscal  year  ended  June  30,  1894- 
1895.     Washington,  Government  Printing  Office,  1895-96. 

The  Timbers  of  Commerce  and  their  Identification.  By  Ilerbert 
Stone.     London,  William  Rider  and  Son,  Limited,  1904. 
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Cyanide  ProceMes.  By  E.  B.  Wilson.  Third  Edition,  Rewritten. 
Nevr  York,  John  Wiley  &  Sons;  London,  Chapman  &  Hall,  Limited, 
1902. 

A  System  of  Mlneralo]cy ;  Descriptive  Mineralogy,  comprising 
the  most  Recent  Discoveries.  By  James  Dwight  Dana.  Fifth  Edi- 
tion, Rewritten  and  Enlarged.    New  York,  John  Wiley  &  Sons,  1880. 

Practical  Qoid-Minlns^ ;  a  Comprehensive  Treatise  on  the  Origin 
and  Occurrence  of  Gold-Bearing  Gravels,  Rocks  and  Ores  and  the 
Methods  hy  which  the  Gold  is  Extracted.  By  C.  G.  Wamford  Lock. 
London,  E.  &  F.  N.  Spon,  1889. 

Tralte  Tlieorique  et  Pratique  de  Metallurgie  Qenerale,  Tome 
Second.    By  L.  Babu.    Paris,  Ch.  B^ranger,  1906. 


SUMMARY  OF  ACCESSIONS. 

November  7th  to  December  9th,  1905. 

Donations  (including  576  duplicates) 1  591 

By  purchase 24 

Total ^ 1615 
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MEMBBRSMIP. 


Date  of 


Assoc.  M.     Mar.     6,  1895 


ADDITIONS. 

MEMBBBS. 


Aybeb,  Clabbnoe  Mobton.    Ghf.  Engr.,  Gen-  )  Assoc.  M.  Oct.  2, 1901 

tral  Iron  &  Goal  Ck).,  Holt,  Ala )  M.  Oct.  31, 1905 

Bowman,  ChabijBS  Abel.    514  Dillaye  Bldg.,  Syracuse, 

N.  Y Nov.  1,  1906 

}Juii.  Jan.  5,  1897 

Assoc.  M.  May  3,1899 

M.  Oct.  31,1903 
Chbibtian,  Geobge  Lyon.    Asst.  Engr.,  Bu- 
reau of  Sewers,  Borough  of  the  Bronx, 

East  177th  St.  and  3d  Ave.  (Bes.,  East  I  M.  Oct.  3,  1905 
238th  St.,  Woodlawn),  New  York  City. . 

CJoLPiTTS,  Walteb  William.    Asst.   Ghf.   Engr.,  Eans. 

City,  Mex.  &  Orient  By.,  705  Bryant  Bldg.,  Kansas 

City,  Mo Nov.  1,  1905 

FoBB,  Thbodobb  Boyden.     167  State  St.,   Bridgeport, 

Conn Dec.  6,  1905 

Fbazieb,  James  Welch.    Cons.  Engr.  (Frazier,  \ 

Fox  &  Spencer),  718  Bockefeller  Bldg.,  (.^^^soc-M.  May  6,  1903 

Cleveland,  Ohio I  ^-  ^^^'  ^'  ^** 

GiLFiLLAN,  Geobob  Aiken.    341  Fourth  Ave.,  Pittshurg, 

Pa Dec.  6,  1905 

HowABD,  Chables  Pope.     Care,   Howard  &  )  Assoc.  M.  Jan.  3,  1894 

Davis,  Charleston,  W.  Va )  M.  Oct.  31,  1905 

Kelleb,Chable8 Lincoln.    FirstAsst.  Engr.,  n  Jun.  Oct.  4,1898 

The  Scherzer  Boiling  Lift  Bridge  Co.,  [-Assoc.  M.  Mar.  6,  1901 

1616  Monadnock  Blk.,  Chicago,  111 )  M.  Oct.  31,  1905 

LuPFEB,  Alexandeb  MoClubb.    Chf.  Engr.,  Spokane  & 

Inland  By.  Co.,  413  Mohawk  Bldg.,  Spokane,  Wash.  Nov.  1,  1905 

\  Jun.  Jan.  3,  1895 

McKibben,  Fbank  Pape.    Asst.  Prof,  of  Civ.  Ij^^^  ^  ^^  ^  ^^^ 

Eng.,  Mass.  Inst.  Tech.,  Boston,  Mass..  J  ^  q^  »  .qqc 

Matamobos,  Luis.    P.  O.  Box  295,  San  Jose,  Costa  Blca. .  Oct.  4,  1905 

PuFFEB,  William  Haselton.    Guanajuato,  Mexico May  3,  1905 

Shbal,  Bobebt  Ebwin.  3  Bepublic  PL,  Cleveland,  Ohio.  Oct.  4,  1905 
Stewabt,  Bobebt  Dee.    Chf.   Engr.,    Laramie,    Hahn's 

Peak  &  Pacific  By.,  Laramie,  Wyo Nov.  1,  1905 

Tan  ABE,  Sakubo.     Prof,  of  Civ.   Eng.,   Kyoto  Imperial 

Univ.,  Kyoto,  Japan Oct.  4,  1905 

)  Jun.  Mar.  6,  1889 

Whittemobe,  Walteb  Fbank.    1  Newark  St., /^^^^^^^  ^p^  g  jg^ 

Hoboken,N.J )  ^_  ^^^^  ^^^  ^^ 
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MEMBBBS  (Ckmiumed). 

WiNSOB,  Fbakk  Edwabd.    Div.  Engr.,  Ch&rleB 
Blver  Basin  Ck)mm.,  367  Boylston  St., 


Bofiton,  Mass. 


Assoc.  M. 
M. 


Date  of 
Memberahip. 

Nov.     4,  1903 
Dec.     5,  1906 


▲SBOGIATB  MEHBEBS. 

BoxD,  Geobge  WASHiNaxoN,  Jb.  Station  1,  Hoboken, 
N.J 

Brazkb,  Gboboe  Hebbsbt.  122  East  Cottage  St.,  Dor- 
chester, Mass 

Bbown,  Samueij  Ck)UOHiiiN.  Div.  Engr.,  Erie  B.  B.,  Jer- 
sey City,  N.  J 

BxTBKE,  John  Thomas.  317  East  Jefferson  St.,  Boise, 
Idaho 

OoucHOT,  Maubioe  ChabiiSS.  Civ.  and  Mecb.  Engr.,  222 
Blalto  Bldg.,  San  Francisco,  Cal 

DaijTon,  John  Jeboice.    P.  O.  Box  91,  Selma,  Ala 

Dabbow,  WiiiTON  Joseph.  215  West  44th  St.,  New  York 
City 

Dayib,  Fbedebiok.  Asst.  Engr.,  Penn.,  N.  Y.  &  L.  I. 
B.  B.,  346  East  33d  St.,  New  York  City 

Duim,  Hbbbebt  Lutheb.  Civ.  Engr.  and  Supt.  of  Constr. , 
The  Draper  Co.,  Hopedale,  Mass 

EoKABT,  Nelson  Andbew.  3014  Clay  St.,  San  Francisco, 
Cal 

FiSHSB,  HoweijIj  Tbaoy.  Asst.  Engr.,  Penn.,  N.  Y.  & 
L.  I.  B.  B.  Co.,  1  West  34th  St.,  New  York  City 

Giijss,  Abthub  Leonaed.  Hurdman's  Bridge  P.  O., 
Ottawa,  Ont.,  Canada 

Hageb,  Albebt  Bebtbam.  Asst.  Engr.,  Designing  Dept., 
Am.  Bridge  Co.,  42  Broadway,  New  York  City 
(Bes.,  74  Donaldson  Ave.,  Butherford,  N.  J.) 

Hunt,  ChabijBB  Adams.  1500  Bedford  Ave.,  Brooklyn, 
N.  Y 

JoHANNEBBON,  SiovAiiD.  Asst.  Engr.,  Penn.  B.  B.  Tun- 
nels, North  Biver  Div.,  1  West  34th  St.,  New  York 
aty 

KiBBT,  ISAAO  Henby.    Boslyn,  Nassau  Co.,  N.  Y 

McDanibl,  AiiiiEN  BoTEB.  Asst.  Engr.,  Penn.,  N.  Y., 
L.  I.  B.  B.,  345  East  33d  St.,  New  York  City 

Meek,  Gobdon  Stappobd.  Civ.  Engr.  for  Pittsburg  Con- 
neaut  Dock  Co.,  Conneaut,  Ohio 

Nixon,  CotjbtiiAND.  Capt.  and  Quartermaster,  U.  S.  A., 
Care,  Post  Office,  Dodge,  Ga 

OliDEB,  CiiiPPOBD.  Asst.  Engr.,  Chic.  &  Alton  By.  Co., 
Slater,  Mo 


Nov. 

1905 

Nov. 

1905 

Nov. 

1905 

Nov. 

1906 

Nov. 
Dec. 

1905 
1904 

Nov. 

1905 

Oct. 

1905 

Nov. 

1905 

Nov. 

1905 

Nov. 

1905 

Oct. 

1905 

Nov. 

1905 

Oct. 

1905 

Nov. 
Nov. 

1905 
1905 

Nov. 

1906 

Oct. 

1905 

Nov. 

1906 

Oct. 

,  1905 
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ASSOCIATE  HEMBEBS  (Continued),  ^^**i. 

MeinnrAip. 

Shaw,  Fbank  Harold.    519  Woolworth  Bldg.,  Lancaster, 

Pa Oct.      4,  1»S 

Smith,  Habeadon   StebijINO.     Cons.   Engr.  (Smith    & 

Welles),  79  Coal  Exchange,  Wilkes-Barre,  Pa. .' Nov.      1,  1»J6 

Smith,  James.    Care,  P.  &  W.  MacLellan,  Ltd.,  Coatza- 

coalcos,  Mexico Nov.     1,  190S 

Tapt,  Jesse  Bussbll.    Asst.  Engr.,  N.  Y.  C.  \  j^^  j^^^    ^  isoj 

&H.R.  B.R.,  Office  of  Terminal  Engr.,  [^^3^  jj     g^  .      ^'^^ 

Grand  Central  Station.  New  York  City. .  .' 
Tebbell,  WiIiLIFOBD  Habbt.      Chf.   Engr.,  Proximity 

Mfg.  Co.,  Greensboro,  N.  C Nov.     1, 19te 

Twioos,  John  David.,  Jb.  Asst.  City  Engr.,  Augusta,  Ga.  Nov.  1,  190^ 
Upjohn,  Hobabt  Bbown.  1 123  Broadway,  New  York  City.  Oct.  4.  190^ 
WADDEiiii,  Fbedebick  CbeeijMan.    WardwcU  Ave.,  West 

New  Brighton.  N.  Y Oct.      4,  190S 

WELiiEB,    Fbancis    Repetti.      (Prcsscy    &^  .^  ,««, 

«T  11       rM  J  TT  ^      -D         X    tA-m  T3.  /  Jun.  Feb.     5,1901 

Weller,  Civ.  and  Hydr.  Engrs.),  1416  F  [  ' 

St.,  N.  W.,  Washington,  D.  C )  Assoc,  m.    jnov.     i,  iwo 

WeIjTON,  Benjamin  FbaneiiIN.     Examining  ^ 
Engr.,  Commrs.  of  Accounts,  280  Broad- 
way, New  York  City.     (Res.,  1  Wiener 
PL,  Tompkinsville,  N.  Y.) 

associates. 


Jun.  April    6.  189T 

Assoc.  M.     Nov.     1,  1906 


Holden.  ChabiiES  Abthub.  Assoc.  Prof,  in  Civ.  Eng., 
Thayer  School  of  Civ.  Eng.,  and  Asst.  Prof,  in 
Mathematics,  Dartmouth  Coll.,  Hanover,  N.  H Nov.     1,  190& 

JTTNIOBS. 

Bacon,  Abthub  Whittemobe.  P.  O.  Box  500,  Fort  Ed- 
ward, N.  Y Dee.     5.  1905 

Cbisp,  Ebnest  John.    406  West  Ave.,  Elyria,  Ohio Oct.    31,  19i» 

EwiNO,  WiiiLiABD  Rea.     Asst.  Engr.,  U.  S.  Reclamation 

Service,  Minidoka,  Idaho Oct.    31,  1905 

Gabbiques,  Henbt  Hatdock.  Asst.  Supervisor,  Pitts- 
burgh Div.,  P.  R.  R.,  Wall,  Pa Oct.    31,  1905 

GiiiLEN,   WaIiTBb  Joseph.     Leveler,   Aqueduct  Comm,, 

Croton  Falls,  N.  Y Oct.    31,  1905 

EBEiiLWiTZ,  DiEDBicH  WiLLiAM.     55  Mutual  St. ,  Toronto, 

Ont.,  Canada Oct.    31.  1905 

Stevenson,  Thomas   Patton,  Jb.      Paramaribo,   Dutch 

Guiana April    4,  1905 

TuBNEB,  Chables  Russell.     U.  S.  Naval  Station,  Guan- 

tanamo,  Cuba Oct.      3,  1905 

Whitsit,  Lyle  Antbim.     Springfield,  Idaho Oct.    31,  1905 
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DEATHS. 

BuBNB,  Justin.    Elected  Associate  Member,  April  6th,  1898 ;  died  Novem- 
ber 14th,  1905. 

CoLBMAN,  Thoieas  Ck>oPEB.    Elected  Fellow,  May  28th,  1872;  date  of 
death  unkDown. 

Gbeene,  David  Maxbok.    Elected  Member,  May  20th,  1868 ;  died  Novem- 
ber 9th,  1905. 

liAVAiiiiB,  Louis  BaijPH.    Elected  Associate  Member,  February  1st,  1905 ; 
died  November  15th,  1905. 

LiBYBBicH,  Gabbikl.    Elected  Member,  July  6th,  1870;  died  November 
28th,  1905. 

LiONo,  Thomas  John.    Elected  Junior,  November  3d,  1875 ;  Member,  Jan- 
uary 7th,  1880 ;  died  November  20th,  1905. 

Bees,  Wii^IiIah  MABSHAiiL.    Elected  Member,  October  4th,  1905;  died 
December  4th,  1905. 

Stbatton,  Gbobgb  Dbapeb.    Elected  Associate  Member,  October  4th, 
1899 ;  died  November  21st,  1905. 
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MONTHLY  LIST  OP  RECENT  ENQINEERINQ  ARTICLES  OF 

INTEREST. 

(JSTovember  6th  to  December  9th,  1905.) 

Note. — This  list  is  pahlished  far  the  purpose  of  placing  before  Ihe 
members  of  the  Society,  the  titles  of  eurrerU  engineering  articteg, 
which  can  be  referred  to  in  any  aoaHable  engineering  library,  or  cam 
be  procured  by  addressing  the  publication  directly,  the  address  and 
price  being  given  wherever  possible. 


UST  OP  PUBLICATIONS. 

In  the  subjoined  list  of  articles  references  are  given  by  the  num- 
ber prefixed  to  each  journal  in  this  lisL 


( 


(20 

(21 

(22 
(23 
(24 
(25 
(26 


Journal,   Assoc.    Bng.    Soc.    267       (27) 
South    Fourth    St.,     Philadel- 
phia, Pa.,  80c  (28) 

Proceedings,     Sngrs.     Club     of 

Phlla..  1122  Oirard  St..  PhUa-       (29) 
delphia,  Pa. 

Journal,    FranUin    Inst..    Phila-       (30) 
delphia.  Pa.,  60e. 

Journal,  Western  Soc.  of  Bngrs.,       (31) 
Monadnock  Block,  Chicago,  111. 

TransactionM,    Can.    Soc    C.    B., 

Montreal,  ()ue.,  Canada.  (32) 

School  of  Minee  Quarterly,  Co- 
lumbia UnlT.,  New  York  City, 
60c  (33) 

Technology  Quarterly,  Mass.  Inst.       (34) 
Tech.,   Boston,   Mass.,  76c 

Stevens  Institute  Indicator,  Ste-       (35) 
yens  Inst.,  Hoboken,  N.  J.,  60c 

Engineering  Magattine,  New  York       (36) 
City,  26c 

Cassier's    Magazine,    New    York       (37) 
City,  26c 

Engineering     (London),    W.    H.       (3S) 
Wiley.  New  York  City,  26c 

The   Engineer    (London),    Inter- 
national News  Co.,  New  York       (39) 
City,  85c. 

Engineering    News,    New    York       (40) 
City,  16c  (41) 

The    Engineering    Record,    New 

York   City,    12c  (42) 

Railroad  Gazette,  New  York  City, 

10c  (43) 

Engineering  ai\d  Mining  Journal, 

New  York  City.  16c  (44) 

Street     Railway    Journal,     New 
York    City.       Issues    for    first 
Saturday  of  each  month  20c.,        (45) 
other  issues  10c. 

Railway    and    Engineering    Re-       (46) 
view,  Chicago,  111.,  10c 

Scientific  American   Supplement,       (47) 
New   York   City,    10c 

Iron  Age,  New  York  City,  10c  (48) 

Railway  Engineer,  London.  Bng- 

land.  26c  (49) 

Iron    and    Coal    Trades    Reioiew, 

London.  England,  26c.  (50) 

Bulletin,  American  Iron  and  Steel 

Assoc,  Philadelphia,  Pa.  (51) 

American     Gas     Light    Journal, 

New  York  City,   10c.  (52) 

American    Engineer,    New    York 

City.  20c.  (53) 

Electrical  Review,  London.  Eng- 
land. 


Electrical  World  and 
New  York  City,  10c 

Journal,  New  Bngland  Watisr- 
Works  Assoc,  Bostoa,  f  1. 

Journal,  Society  of  Arts.  Lon- 
don, England,  l&c 

Annoles  dee  Travaum  PubUet  de 
BeUfiquej  Brussels,  Belglion. 

Annolet  de  VAasoe.  dee  Ine. 
Sortie  dee  Bcolea  Speciales  ie 
Gand,  Brussels,  Belgium. 

Memoires  et  Compte  Rendm  dee 
Travauas,  Soc  Ing.  CIy.  de 
France,  Paris,  France. 

Le  Genie  CivH,  Paris,  Franesu 

PortefouiUe  Bccnomique  dee  Jf*> 
dhines,  Paris,  France. 

Nouvelles  Annalea  de  la  Cto»- 
atruction,  Paris.  France. 

La  Revue  Technique,  Paris, 
France 

Review  de  Meoaniqtte,  Paris. 
France. 

Revue  Generate  dee  Chemina  de 
Per  et  dee  Tramways,  Paris, 
France. 

Railway  Master  Medhanie,  Chi- 
cago. III.,  10c 

Railway  Age,  Chicago.  111..  10c 

Modem  Machinery,  Chicago,  III.. 
10c 

Proceedings,  Am.  Inst.  BleeL 
Bngrs.,  New  York  City,  50c 

Annales  des  Ponts  et  Chauaeeee, 
Paris.  France 

Journal,  Military  Senrice  Insti- 
tution, Ooremor's  Island.  New 
York  Harbor,  60c. 

Mines  and  Minerala,  Scranton. 
Pa.,  20c 

Scientific  American,  New  York 
City,  8c 

Mechanical  Engineer,  Manches- 
ter, England. 

Zeitschrift,  Verein  Deutaeher  In- 
genieure,  Berlin,  Germany. 

Zeuschrift  fUr  Bauweeen,  Berlin. 
Qermany. 

Stohl  und  Eieen,  Ddsaeldorf.  Ger- 
many. 

Deutsche  Baueeitung,  Berlin, 
Germany. 

Rigasche  Induetrie^Zeitung,  Riga. 
Russia. 

Zeitschrift,  Oesterreichischer  lo- 
genieur  und  Architekten  Ver- 
ein. Vienna,  Austria. 
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54 
89 

56 
57 
58 

59 

60 
61 

62 

63 

64 
65 

&6 
67 


Tninaactiont,    Am.    boo.    0.    B., 

N0W  York  atj,  $6. 
TronMoMofit,   Am.    Soe.    M.   B., 

New  Tork  Oltsr,  $10. 
Trxm»aciion9,    Am.     Inst.     Mln. 

Bnsrs.,  New  Tork  Ottj,  $5. 
CoUiery  Chtardian,  Iiondoii,  Bng- 

land. 
Proceedinga,  Bng.   8oc  W.   Pa., 

410  Penn  Are.,  Plttsbors,  Pa., 

60c. 
TranMocHont,    Mining    Inst    of 

Scotland,    Iiondon    and    New- 

castle-upon-Trne,  Bngland. 
Municipal   Engineering,    Indian- 
apolis, Ind.,  26c 
Proceedfnas,     Western     Railway 

Club,   225  Dearborn  St.,  Chi- 
cago, 111.,  26c 
American  Manufacturer  and  Iron 

World,  59  Ninth  St,  Pittsburg, 

Pa. 
Minutee  of  Proceedinge,  Inst.  C. 

E.,   London,   Bngland. 
Poioer,  New  Tork  City,  20c 
0/ncial   Proeeedinae,    New   Tork 

Railroad  Club,  Brooklyn,  N.  T., 

16c. 
Journal  of  Oaa  Lighting,  London, 

Bngland,  16c 
Cement  and  Bngineering  Newt, 

Chicago.  111.,  26c 


(68)  Mining    Journal,    London,    Bng- 

(70)  Engineering  Review,  New  Tork 

City,  10c 

(71)  Journal,    Iron    and    Steel    Inst, 

London,  Bngland. 

(72)  Street  Ra4hoay  Review,  (3hioago, 

SOc 

(73)  Electrician,     London,     Bngland, 

18c 

(74)  Tranaactione,  Inst  of  Mln.   and 

Metal.,  London,  Bngland. 

(75)  Proceedinge,      Ixist      of      Mech. 

Bngrs.,  London,  Bngland. 

(76)  Brich,  Chicago,  lOc 

(77)  /ottrytol,  Inst  Blec  Bngrs.,  Lon- 

don, Bngland. 

(78)  Beton  und  Eiaen,  Vienna,  Aus- 

tria. 

(79)  Foracherarheiten,    Vienna,    Aus- 

tria. 

(80)  Toninduatrie-Zeitung,  Berlin,  Ger- 

many. 

(81)  ZeUacihrift   fUr  ArtiKitektUT  umd 

Ingenieurtoeaen,        Wiesbaden, 
Oermany. 

(82)  Dinglera    Polytechniechea    Jour- 

nal, Berlin,  (}ermaiu[.  * 

(83)  Prom-eaaive  Age,  New  Tork  City, 


UST  OP  ARTICLES. 
Bridge. 

The  Shubenacadle  River  Bridge:  Midland  Railway.     J.  J.  Taylor.     (5)  Vol.  18, 

Bridge  Launching.     B.  J.  Forrest.     (5)  Vol.  18,  Pt.  2. 

The  Determination  of  the  Stresses  in  Lattice-Girder  Bridges  when  Subjected  to 

Concentrated  Travelling-Loada,  and  the  Effect  of  Replacing  these  Loads  by 

Bquiyalent   Loads.*     Frederick   Charles   Lea,   Assoc.   M.   Inst.   C.   B.      (63) 

Vol.  161. 
The  Widening  of  London  Bridge.*     William  Bartholomew  Cole,  M.  Inst.  C.  B. 

(63)    Vol.   161. 
The  Plauen  Viaduct.*      (12)   Oct  27. 
.Williamsburg  Bridge.  New  Tork.*     Frank  W.  Skinner,  M.  Am.  Soc  C.  B.     (11) 

Serial  beginning  Oct.  27. 
Shearing  Forces    Due   to   a   Uniform   Adyancing   Load   on   Beams   and   Braced 

Girders.*     W.  B.  Lilly.     (11)  Not.  10. 
Parabolic   Concrete   Arch   Bridge   oyer   Plney   Creek   at   16th   St.,   Washington, 

D.  C*      (13)   Nov.   16. 
The  Ferry  Bridae  at  Duluth.*     (18)  Not.  18. 
The  Fades  Viaduct.*     B.  Ommelange.     (15)   Not.  24. 
The  Reinforced  Concrete  Bridge  at  Lake  Park.  Milwaukee.     (14)  Not.  25. 
The  Design  of  the  Post  Base  of  the  Manhattan  Bridge  Towers.*      (14)  Nov.  25. 
The   Erection   of  Railway   Bridges.      Lee   Jutton.      (Abstract   of   Paper   in   the 

Technograph,  Univ.  or  III.)      (13)  Not.  30. 
Lawrence  Street  Bridge,  DeoTor.*     (14)  Dec.  2. 

The  Upper  Sections  of  the  Manhattan  Bridge  Towers.*     n4)  Dec.  2. 
Designs  for  Terminals  for  the  Manhattan  Bridge,  New  Torlc  (;ity.*     (13)  Dec.  7. 
The  Austerlitz  Bridge  across  the  Seine  for  the  Metropolitan  Railway  of  Paris.* 

R6n6  Bonnln.      (13)  Dec.  7. 
Outillage   de   la   Nouvelle   Bntr6e   du    Port   de   Saint- Nasaire :    Pont   Roulant* 

Leon  GrlTeaud.      (35)   Not. 
Pont  en  Magonnerle  de  90  MAtres  d'OuTerture  k  Plauen  (Saze).*    A.  Bidault  des 

Chaumes.      (33)    Not.   4. 
Etude  8ur  les  Appareils  de  LeTsge:  les  Fonts  Roulants  Actuals.*      (36)   Serial 

beginning  Not.  10. 
Die  ElsenbannbrQcke  6ber  den   Zambesi  bei  den  Viktoria-F&Uen    (Rhodesia).* 

(51)   Serial  beginning  Not.  1. 
Eisenbetonbogenbrdcke  mit  Aufgehobenem  Horizontalschube.*     H.  Buch.      (51) 

Not.  8. 
Beitrag  zur  Berechnung  Ton  Flatten   aus    Bisenbeton.     Prof.   Ramisch.      (51) 

Nov.   8;    (53)   Not.  17. 

•  nivatrated] 
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electric^. 

Methods  of  Calculating  Storage  Battery  Installations.  W.  B.  Winahlp.  (8) 
Vol.  18.  Pt.  1. 

The  Design.  (Sonstruction  and  Testing  of  Core  Type  Transformers.*  A.  JL 
Foreman.      (5)    Vol.   18.   Pt.   2. 

The  Blake-Morscher  Electro-Static  Separator.*  Bmest  A.  Weinberg.  (74) 
Vol.  14. 

Armature  Reaction  in  Rotary  Gonrerters.*  C.  J.  Fechhelmer  and  H.  A. 
Berthold.     (27)   Oct.  7. 

Breakdowns  of  Blectrlcal  Machinery.  Michael  Longridge.  (47)  Serial  begin- 
ning Oct  28. 

The  Blectrolysis  of  Water.*     Joseph  W.  Richards.     (3)  Not. 

The  Press-Button  Control  of  Elevators.*    Bmile  Ouarini.     (41)  Nov. 

Performance  of  Lightning-Arresters  on  Transmission  Lines.*     N.  J.  Neall.     (42) 

NOY. 

Niagara  Power  in  Buffalo.*      (27)   Not.  4. 

The  Niagara  Power  Plant  of  the  Blectrlcal  DoTelopment  Company  of  Ontario.* 

(13)   Serial  beginning  Not.  9. 
Magnetic  Switch  Controllers  on  Electrically-Operated  Automatic  Ore  Unloadert 

at  Lorain,  O.     R.  I.  Wright,  Assoc.  Am.  Inst.  E.  E.     (13)  Not.  9. 
Voice  OTertonee,  or  Harmonics,  as  Affecting  Long-Distance  Telephone  Trane- 

mission.*     D.  MacL.  Therreli.     (27)  Not.  11. 
Zinc  and  Aluminum  Fuses.    Alfred  Schwarts  and  W.  H.  N.  James.     (2d)  Serial 

beginning  Not.  17. 
The  East  Pilton  Works  of  Messrs.  Bruce  Peebles  ft  Co.,  Ltd.*     (26)   Serial  be- 
ginning Not.  17. 
New  York  City  Destructor  Plant  for  Lighting.*     (27)  Not.  18. 
Niagara  Power  In  the  (Sorge.*     (27)  Serial  beginning  Not.  18. 
The  Testing  of  Electric  (Generators  and  Motors.*     Charles  V.  Drysdale.     (11) 

Not.  24. 
Blectrlcity  and  Sewage  Disposal.*     (73)   Serial  beginning  Not.  24. 
The  Dick  Kerr  Alternator  for  Steam  Turbine  DrlTe.*     (73)  Not.  24. 
A  Fifty-Ton  Electric  Crane.*     (19)  Not.  25. 
The  Efficiency  of  Electrical  Power  Generating  Stations.     H.  M.  Hobart.     (27) 

Not.    25. 
An  Efficiency  Meter  for  Electric  Incandescent  Lamps.*     Edward   P.  Hyde  and 

H.  B.  Brooks.     (27)  Dec.  2. 
Hydro-Blectrlc  Power  under  the  Highest  Head  in  New  Bngland.*     (27)  Dec.  2. 
Production  a  Distance  des  Bffets  Mecaniques  du  Courant  Blectrique  sans  FU  de 

Ligne.*     C.  D.  Krubitzkl.      (36)  Oct.  26. 
Le  Transport  des  Correspondances  k  Trds  Orande  Vitesse  par  (harlots  Bleo- 

trlques  Automoteurs.*     A.  Bidault  des  (HiaumeB.     (33)  Not.  18. 
Blektrfsch    Betriebene    Kntlppel-TransportTorrichtung.*      A.    Schwarse.       (82) 

Not.  4. 
Telephon-Olflhlampen.     (82)  Serial  beginning  Not.  11. 
Kommutator-Motore     fllr     Binphaslgen     Wechselstrom.*       Albert     Hoerbnrger* 

(82)   Serial  beginning  Not.  26. 

Marine. 

Floating  Docks.*     Lyonel  Edwin  Clark,  M.  Inst.  C.  B.     (63)  Vol.  161. 

The  Sea-Ooing  Battleship.     William  Hovgaard.     (7)   Sept. 

The   Determination   of   the   Principal   Dimensions   of  the   Steam   Turbine  with 

Special  Reference  to  Marine  Work.*     E.  M.  Speakman.     (Paper  read  before 

the  Inst,  of  Engrs.  and  Shipbuilders  in  Scotland.)      (12)    Serial  beginning 

Not.   17. 
The  New  Coaling  Station  at  Narragansett  Bay.*     (14)  Not.  26. 
Marine  Steam  Turbine  DcTelopment  and  Design.*     B.  M.  Speakman.      (Paper 

read  before  the  Soc.  of  NaTal  Archts.  and  Marine  Engrs.)     (13)  Not.  80. 
A   UniTersal    Standard    Fiance   List   for   Marine  Work.*      Luther   D.   LotAIb. 

(Abstract  from  Jourtuil  of  the  Amer.  Soc  of  NaTal  Engrs.)     (13)  Deo.  7. 
Tests  of  the   CaTite   Steel   Floating   Dry  Dock.*     A.   O.   Cunningham.      (From 

J(n^mal  of  the  Amer.  Soc.  of  Naval  Engrs.)      (13)  Dec.  7. 
The    Self-Docking   Tests   of  the   Steel   Floating   Dnr   Dock   for   CaTite,   P.    I.* 
.Leonard  M.  (;ox.     (From  Journal  of  the  Amer.  Soc.  of  NaTal  Engrs.)      (13) 
'Dec.  7. 
Der  Oasm'otor  im  Dlenste  der   Schiflahrt.*     C.   Stein.      (48)    Serial  beginning 

Oct.  28. 
Die  Parsons-Turbine  als  Schlflsmotor.     Wllh.  Kflppers.     (82)  Oct.  80. 

Mechanical. 

Some  Experiments  on  Loss  of  Heat   from   Iron  Pipes.     R.  W.   Leonard.      (8) 

Vol.  18,  Pt.  2. 
Wood    Oas   for   Power   Purposes   and    Oas   (Generators.*      Ctoorge  M.   Douglas. 

(74)    Vol.    14. 
Surface-Condensing  Plants,  and  the  Value  of  the  Vacuum  Produced.*     Richard 

William  Allen,  Assoc.  M.  Inst.  C.  E.     (63)  Vol.  161. 
Kotagudl  Aerial  Ropeway  and  Connecting  Roads  in  North  TraTancore.*    Richard 

Fenwick  Thorp.  M.  Inst.  C.  E.     (63)   Vol.  161. 

illustrated. 
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MwhttilaU— (Contlaiud) . 

Properties  of  Superheated  Steam.     J.  B.  Denton.     (8)  Oct. 

Condeneers   for   Steam   Bnglnea   and   Turbines,   with   Special   Reference  to   the 

most  Bconomlcal  Vacuum.*     Prank  Foster.     (Paper  read  before  the  Owens 

Coll.  Bng.  Soc.)      (47)    Oct.  28. 
Desisn  and  Construction  of  Steam  Turbines.*     Frank  Foster.     (47)   Serial  be- 
ginning Oct.  28. 
Coal  Testing.     J.  H.  Brown.      (Paper  read  before  the  Midland  Assoc,  of  Oas 

Managers.)      (66)  Oct.  81. 
Modem   filectrlcally   Operated  German   High-Power   Gas-Bngine   Manufacturing 

Plant.*     Frank  C.  Perkins.      (41)    Not. 
Machine  Shop  Practice.     O.  M.  Campbell.     (88)  Nov. 
Coal  Testing.     Myles  Brown.      (48)    Serial  beginning  Not. 

Bfllclency  In  Compression  In  Steam  Bngines.*     Robert  H.  Smith.     (12)   Not.  8. 
Mechanical  Stokers  at  Coyentry  Blectrlclty  Works.*      (12)   Nov.  8. 
German  Rolling  Mill  Bngines  and  Their  Design.*     (22)  Serial  beginning  Not.  8. 
The  Mechanical  Plant  of  the  Hotel  Gotham,  New  York.*     (14)  Not.  4. 
Sinking    Machinery    Foundations    In    Quicksand    without    BxcaTation.*       (14) 

Not.  4. 
Steam-Pipe  Arrangements.*    William  H.  Fowler.     (47)  Serial  beginning  Not.  4. 
High-Speed  Planers.*    A.  L.  de  Leeuw.     (From  Amer.  Machinery.)     (47)  Serial 

beginning  Not.  4. 
New  Plant  at  the  Readlns  Gas- Works.*     (66)  Not.  7. 
RemoTal  of  Naphthalene  from  Coal  Gas.     Alfred  H.  White  and  DaTld  H.  Clary. 

(Paper  read  before  the  Michigan  Oas  Assoc.)     (66)  Serial  beginning  NoY.  7 ; 

(83)   Serial  beginning  Not.  16. 
High  Power  Parsons  Turbines.*     Frank  C.  Perkins.     (20)   Not.  9. 
Two  New  Steam  Turbines.*      (13)  Not.  9. 

The  Arrol- Johnston  Motor  Car.*      (11)   Serial  beginning  Not.  10. 
The  Galyanlzing  of  Iron  and  Steel  Surfaces.*     Snerara  (Sowper-Coles.     (Paper 

read  before  the  Soc.  of  Bngrs.)      (22)   Not.   10. 
The  Problem  of  the  Gas  Turbine.     Dugald  Clerk,  M.  Inst.  C.  B.      (Address  be- 
fore the  Junior  Inst,  of  Bngrs.)      (22)   Nov.  10;    (26)   Not.  10;    (78)   Not. 

10;   (47)  Not.  11;  (14)  Not.  26. 
High  Pressure  Gas  Distribution  of  To-Day.    H.  L.  Rice.     (Paper  read  before  the 

Amer.  Gas  Light  Assoc.)      (24)  Not.  18. 
A  High-Speed  Bxhauster  for  Pressure-Raising  in  Gas-Malns.*      (66)  Not.  14. 
The  Balancing  of  Multi-Cylinder  Petrol  Bngines.*      (12)    Not.   17. 
American  Threshing  Machines  and  Traction  Bngines.*      (12)    Serial  beginning 

Not.   17. 
Suction  Gas-Producer  Plants.     (Rept.  of  trials  carried  out  at  Glasgow  Show  of 

Highland  and  Agrl.  Soc.  of  Scotland.)      (11)  Not.  17;   (47)  Not.  11;   (26) 

Not.   24. 
Bursting  Strength  of  Cast-Iron  Chrllnders.*     C.  H.  Benjamin.     (47)  Not.  18. 
The  New  Gasholder  of  the  Imperial  Continental  Gas  Association,  at  Marlendorf, 

Berlin.*      (66)    Not.   21. 
Drilling  and  Boring  Machines.*      (12)   Not.  24. 
Motor  Car  Exhibition  at  Olympia.*     (12)  Serial  beginning  Not.  24. 
The  DaTey-Paxman  Suctlon-(Hi8  Plant  and  Gas-Bngine.*      (11)   Not.  24. 
The  New  Coaling  Station  at  Narragansett  Bay.*     (14)  Not.  25. 
Heat   Insulation.*     R.   S.   Hutton   and   J.  R.   Beard.      (Paper  read   before  the 

Faraday  Soc.)      (14)   Not.  26. 
New  Principles  In  Aerial  Flight.     John  J.  Montgomery.     (19)   Not.  26. 
Moulding  Materials  in  the  Foundry.     B.  L.  Rhead.     (47)  Not.  26. 
The  Practical   Use  and  Economy  of  High-Speed  Steel.     J.   M.  Gledhill.      (Ab- 
stract  of  Paper   read   before  the   Glasgow  and    West  of   Scotland    Foremen 

Engineers'  and  Ironworkers'  Assoc.)      (47)   Not.  25 :    (22)   NqT.  17. 
The  New  Baldwin  Airship.*     Waldon  Fawcett.     (41)  Dec. 

The  "Allgemeine  Elektrizit&ts  Gesellschaft's"  New  Steam  Turbine.*      (41)   Dec. 
The  Utilisation  of  Low-Grade  Fuels  for  Steam  (feneration.     W.  Francis  Ctoodrich. 

(9)    Dec. 
The    Various    Methods    of    GoTerning    Four-Cycle    Gas    Engines.      R.    Mathot. 

(9)    Dec. 
Clichy  Works  of  the  Paris  Oas  Co.*     Jacques  Boyer.     (83)  Dec.  1. 
Mechanical  Plant  of  the  New  23d  St.  Ferry  Terminals,  New  York.*     (14)  Dec.  2. 
Test  of  a  Rotary  Kiln.      (14)    Dec.   2. 

Gaso-Electrlc  Equipment  for  Fifth  ATenue  'Bus.*      (17)    Dec.  2. 
Les  R^gulateurs  a  Force  Centrifuge :  Remarques  Generales  sur  Lieur  Stability  et 

sur  Leur  Rfigla^e.     L.  Rlth.     (32)   Sept. 
Fondatlons  Isolantes  Anthonl-Prache  contre  Bruits  et  Trepidations.*     P.  Prache. 

(32)     Sept. 
L'BnrouIeur  de  Courroies  de  M.  le  Capltalne  LencTue  "le  L6nlx."*     J.  Telsset. 

(32)    Sept. 
Etude  sur  les  Ressorts  a  Expansion.*     B.  Dubois.     (37)  Oct. 
Btude  sur  un  Type  de  Locomobile  deml-flxe  compound  aTec  Double  Surchauffe.* 

Ch.  Dantln.      (33)   Oct.  28. 
Lee  G6n6rateurs  a  Tubes  d'Eau:   Systdme  *'du  Temple."*     H.  Lassaux.      (36) 

Not.  10. 

•  niustratedi 
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Mechanical—  ( ContlnsMl). 

Ueber  Verst&rkten  Schornstelnzug  und  elnen  Verdampfungsyerauch  an  einem 
Wasserrohrkessel  mit  Naphtafeuerung.*     Richard  Starck.     (52)  Oct.  16. 

Ueh«r  Riemen  und  Riementrieb«.*     Fritz  Kruil.     (53)   Serial  beidmilnR  Not.  8. 

Verschledene  Verwendungen  des  Bntlasteten  RohrschleberyentllOB.*  Fard. 
Stmad.      (48)   Nov.  4. 

Neuere  Kraftgaserzeuger.*     R.  SchOttler.     (48)  Serial  beginning  Not.  11. 

W&rmerttckfQbrung  und  Zwlscbenhelsung  Im  Dampfturblnenbetrlebe  (Systeme 
V.  Knorrlng-Nadrowskl).*     (48)  Serial  beginning  Not.  11. 

Metallurgical. 

The  Blectrothermlc  Production  of  Iron  and  Steel.     Alfred  Stansfleld.     (5)  VoL 

18,  Pt.  1. 
Flues  and  Flue  Dust  at  Anaconda.*  C.  H.  McDougall.     (5)  Vol.  18,  Pt.  2. 
Liaboratorj  Experiments  on  the  Use  of  Ammonia  and  Its  CompounoB  in  Oyanld- 

ing  Cupriferous  Ores  and  Tailings.*     A.  Jarman  and  B.  Le  Oay  Brereton. 

(74)   Vol.   14. 
Note  on  the  Ammonia- Copper-Cyanide  Process.     H.  LlTlngstone  Sulman.     (74) 

Vol.   14. 
Refining  Gold   Bullion  and  Cyanide  Precipitates  with  Oxygen  Gas.     T.    Kirk* 

Rose.      (74)   Vol.  14. 
The  Baltic  Mill,  Lake  Superior.*     E.  D.  McDermott.      (74)   Vol.  14. 
The  Kedabeg  Copper  Mines.*     Gustay  K511er.     (74)  Vol.  14. 
On  the  Cyaniding  of  Ore  at  El  Oro,  Mexico,  Dealing  Principally  with  Re-Grind* 

Ixig  of  Sands.     Charles  Butters  and  E.  M.  Hamilton.     (74)  Vol.  14. 
The  Finer  Crushing  of  Banket  Ore.     W.  A.  Caldecott.     (74)  Vol.  14. 
Dry  Crushing  of  Ores  by  the  Edison  Process.*    W.  Slmpkin  and  J.  B.  Ballantlne. 

(74)    Vol.  14. 
Experiments  in  Crushing  Gold  Ores.     W.  Fischer  Wilkinson.     (74)  Vol.  14. 
Coke  as  a  Blast-Furnace  Fuel :  Its  Manufacture  and  Characteristic  Propertiaa.* 

Edward  A.  Uehllng.     (8)   Oct. 
Description  of  the  Ore  Reduction  Plant  and  Process  of  Reduction  on  the  Oroya- 

BrownhlU  Gold  Mines.*     Robert  Allen.     (Paper  contributed  to  the  Chamber 

of  Minea  Monthly  Journal.)     (68)  Oct.  28. 
Experimental  Desulphurizatlon.     Reginald  Meeks.     (20)  Not.  9. 
Notes  on  the   Physical   Action   of  the   Blast  Furnace.     J.   E.    Johnson.      (62) 

Serial  beginning  Not.  9. 
Electrical  Blast  Furnace  Hoist.*      (12)  Not.  10. 
Dry  Air  for  Blast  Furnaces.     (Papers  presented  at  the  Liege  Mln.  and  MataL 

Cong.)      (20)  Not.  16. 
Iron- Nickel-Manganese- Carbon    Alloys.       (Rept.    to    Alloys    Research    Com.    by 

H.  C.  H.  Carpenter,  R.  A.  Hadfleld,  and  Percy  Longmuir.)      (12)  Not.  24. 
Le   ProcM6   Bertrand-Thiel   pour   la   Fabrication   de   I'Acler   sur   Sole.*      (33) 

Nov.  4. 
La  Mdtallurgle  a  I'Exposition  de  Li^ge.*     L6on  GulUet.     (33)  Serial  beginning 

Nov.  11. 
Die  Chemie  im  Giessereibetrlebe.     C.  Hennlng.     (50)   Serial  beginning  Not.  1. 
Warmebehandlung  von  Stahl  in  Grossen  Massen.     O.  Bauer.     (50)  Not.  1. 
Die  Werke  des   Lothrlnger   Htittenyereins   in   Kneuttingen.*      Bemhard  Osann. 

(50)    Nov.   16. 
Magnetische  Aufbereltung  Phosphorreicher  Eisenerze  in  den  Verelnlgten  Staaten 

von  Amerika.*     Oskar  Simmersbach.      (50)   Nov.  15. 

Mining. 

Methods  of  Mining  and  Timbering  in  Large  Ore  Bodies  in  British  Columbia  and 

Mirhigan.*     Norman  W.  Parlee.      (5)  Vol.  18,  Pt.  1. 
Mine  Timbering  in  Section  16  of  the  Lake  Superior  Mining  Company,  Michigan.* 

C.  St.  G.  CJampbell.      (5)   Vol.  18,  Pt.  1. 
The  Centre  Star  Mine.     L.  Heber  Cole.     (5)  Vol.  18,  Pt.  2. 
St.  David's  Gold  Mine.  N.  Wales.     L.  H.  L.  Huddart.     (74)  Vol.  14. 
Notes   on    the    Mount    BiscbofC   Tin    Mine,    Tasmania.*      Sydney   Fawns.      (74) 

Vol.  14. 
The  Chemical  Analysis  of  Dynamites.     J.  P.  Benbrook,  Jr.,  and  J.  H.  Fulton. 

(8)    Oct. 
Noteworthy  Shaft  Sinking  at  Detroit.*      (20)   Nov.  16;   (16)  Noy.  25. 
A  Novel  water  Hoist  for  Deep  Mines.*     (15)  Dec.  1;   (14)  Dec.  2. 
The  Loup  Creek  Colliery  Company.*     Geo.  W.  Harris.     (16)  Dec.  9. 

MIsceilaiMOtts. 

The  Reproduction  of  Drawings  of  Great  Length  or  Number.*     L.  F.  Rondinella. 

(2)    Oct. 
Engineering  Contracts.     J.  A.  L.  Waddell.  M.  Am.  Soc.  C.  B.     (From  Lecture 

delivered  at  Reus.  Pol.  Inst.)      (13)   Dec.  7;   (15)   Dec.  1. 

Mnniclpal. 

Municipal  Ownership.     B.  F.  Lyons.     tPaper  read  before  the  Amer.  Gas  Idght 
Assoc.)      (24)   Nov.  27. 

•nioatratad. 
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Maslclp«l-(Continacd). 

Brick  vs.  Asphalt  Pavements:  Sbowinc  Cost  of  Construction  and  Repairs  of  the 

Riral  Pavements  in  Syracuse,  N.  Y.*     (76)  Dec.   . 
Moyens  pour   Combattre   la  PousslAre   le   Long  des  \}hauss6es   Bmpierres.     J. 

Beyaert  and  B.  Froidure.     (30)  Oct. 

RallnMid. 

The  Shops  of  the  Locomotive  and  Machine  Company  of  Montreal.*     M.  J.  Butler. 

(5)   Vol.  18.  Pt.  1. 
The  Angus  Shops:    Canadian  Pacific  Railway.   Montreal.*     H.  Qoldmark.      (5) 

Vol.  18.  Pt.  1. 
Alfreton  Second  Tunnel.*     Ernest  Frederic  Crosbie  Trench,  M.  Inst.  C.  B.     (63) 

Vol.  161. 
The  Reconstruction  of  Moncreiffe  Tunnel.*     Dugald  McLellan.   M.   Inst   C.   B. 

(63)   Vol.  161. 
Improvements  of  the  New  York  Central  &  Hudson  River  within  the  Electric 

Zone.*     O.  R.  Wadsworth  and  J.  C.  Irwin.     (15)  Serial  beginning  Oct.  20. 
Electric  Signalling  on  the  Great  Northern  and  City  Railway.*      (26)   Oct  27; 

(73)    Oct  27. 
Four-Cylinder    Compound    Locomotives    in    Belgium.*    Chas.    S.    Lake.       (47) 

Oct.  28. 
Four-(7yllnder   Compound   Locomotive,   with   Superheater;    Belgian    State   Rail- 
ways.*    Charles  R.  King.      (21)    Nov. 
The  L.  ft  N.  Shops  at  South  Louisville.*      (39)  Nov. 
Program    of    Tests    (of   brakes,    etc.),    with    Special    Fifty-Car    Train    at   West 

Seneca.  N.  Y.      (39)   Nov. 
Locomotive  Water  Space  Stays.*      (39)    Nov. 
Ten- Wheel    Passenger   Locomotive.    Delaware.    Lackawanna    ft   Western    R.    R.* 


(39)   Nov.;    (IS)  Nov.  4;   (15)   Nov.  17. 
>aalng  of  Locomotives 
M.  Daly.      (65)    Nov. 


Loading^  of  Locomotives  on  the  Bquated  Tonnage  or  Drawbar-Pull  Basis.*     J. 


Car  Hoists  for  Electric  Railway  Repair  Shops.*     (72)  Nov. 
Topeka  Railway  Company;  Being  a  Description  of  the  Roadbed.  Shops.  Equip- 
ment and  Generating  Station.*      (72)    Nov. 
Test  of  the  Railway  System  of  the  Scioto  Valley  Traction  Co.     F.  C.  Caldwell. 

(72)    Nov. 
Compound  Locomotives  on  the  Great  Western  Railway.*     A.  G.  Robins.     (11) 

Nov.  8. 
Marshall's  Valve  Gear  (tested  on  the  Great  Southern  and  Western  Ry.,  Ireland).* 

(12)   Nov.  3. 
Pennsylvania  Improvements  at  Wilmington.*      (40)   Nov.  8. 
The  Long  Island  R.  R.  Electric  System.*      (27)    Nov.  4. 
The  Electrification  of  the  Long  Island  Railroad.*      (17)    Nov.  4. 
New   Steel   Motor  Cars  for  the   New   York   Central  ft  Hudson   River  Railroad. 

(17)   Nov.  4. 
South  Louisville  Shops,  L.  ft  N.  R.  R.*      (18)   Nov.  4. 
Performance  of  a  Balanced  Compound  Locomotive,  A.  T.  ft  S.  F.  Ry.*      (18) 

Nov.  4. 
The  Electrification  of  the  Long  Island  Railroad.     (14)  Nov.  4. 
The  Power  System  of  the  Lackawanna  R.  R.  in  Luzerne  County,  Pa.*     H.  M. 

Warren.      (Thesis    submitted   at   Worcester   Pol.    Inst,   for   degree   of  Blec. 

Engr.)      (14)   Nov.  4. 
The  Marble  Hill  Cut-OIT  and  Port  Morris  Branch,  New  York  Central  Terminal 

Improvements.*      (14)    Nov.  4. 
The  Republic  Iron  and  Steel  Company's  Rail  Mill.*      (20)   Nov.  9. 
Kinzie  Street  Track  Elevation  of  the  Chicago  ft  Northwestern,  Chicago.*      (15) 

Nov.    10. 
The  Baldwin  Four-Cylinder  Balanced  Compound  Locomotives.*   (15)  Nor.  10. 
Four-Cylinder  Express  Locomotive  for  the  Xiondon  and  South- Western  Railway.* 

(II)   Nov.  10. 
140-Horse-Power  Wolseley  Petrol-Motor.*      (11)   Nov.  10. 

A  Powerful  4-Cylinder  Single-Expansion  Passenger  Locomotive.*    (47)  Nov.  11. 
An    English    Electric    System    of   Railway    Signaling.*      F.    C.    Perkins.      (19) 

Nov.  11. 
The  Power   Stations   for   the   Electric  Zone  of  the   New  York   Central   R.  R.* 

(14)   Nov.  11;    (17)   Nov.  11. 
New  York  Central  Generating  Plant.*     (27)  Nov.  11. 
Transition  Curves  on  the  Southern  Pacific  R.  R.     (14)  Nov.  11. 
Unusual  Foundations  at  the  Hoboken  Terminal  of  the  Lackawanna  R.  R.*     (14) 

Nov.  11. 
The  New  Weehawken  Railroad  Terminal  Power  Plant.*     (14)  Nov.  11. 
Swedish  Government  Electric  Traction  Experiments.*     Dahlandar.     (Abstract  of 

Paper  read  before  the  Cong,  of  Swedish  Bngrs.)      (27)  Nov.  11. 
Reconstruction  of  the  Topeka  Railway.*      (17)   Nov.  11. 
Electrification  of  the  Long  Island  Railroad.*     (18)  Nov.  11. 
The  Third  Rail  of  Electric  Roads.*      (18)   Nov.  11. 
Balanced  Compound  Pacific  Type  Locomotive,  A.,  T.  ft  S.  F.  Ry.     (18)  Nov.  11; 

(40)    Dec.   8;    (25)    Dec. 
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Railroad— (ConliiiaMl). 

SettinK  out  and  Checking  Circular  and  Transition  Curves  In  Railway  Track.* 

(13)  Not.  16. 

Electric  Equipment   and  Reconstruction  of  the  New  York  Terminal  Lines  and 

Grand   Central   Station,   New  York  Central  ft  Hudson  River  R.  R.*      (13) 

Nov.  16. 
Bogie  Tank  Locomotive,  Madrid  and  Alicante  Railways.*     (12)   Nov.  17. 
Paris-Lyons- Mediterranean  Cars  for  Heavy  and  Bulky  Loads.*      (40)   Nov.  17. 
Clean  Shops  of  the  Pennsylvania  Railroad.*      (40)   Nov.  17. 
Concrete  Retaining  Wall  of  the  Illinois  Central  on  the  Lake  Front,  Chicago.* 

(15)    Nov.   17. 
Hydrostatic    Tests    of    Locomotive    Boilers.      George    Wagstaff.       (Paper    read 

before  the  Central  Ry.  Club.)      (15)  Nov.  17. 
Terminal  Yard  Improvements  of  the  New  York  Central  ft  Hudson  River  R.  R.* 

(14)  Nov.   18. 

Heavy  Electric  Railroading.*   Bela  Valatin.    (27)    Nov.   18. 
Some  of  the  Advances  in  the  Improvement  of  Track.     W.  M.   Camo.      (Paper 
read  before  the  Roadmasters'  and  Maintenance  of  Way  Assn.)     (18)  Nov.  18. 
Pacific  Type  Locomotive,  Georgia  Central  Ry.      (18)   Nov.  18. 
New  York  Central  Electrification.*      (17)   Nov.  18. 

The  Transmission  Lines  and  Sub-Stations  of  the  New  York  Suburban  District 
of    the    New    York    Central    ft    Hudson    River    Railroad    Company.*       (17) 
Nov.  18. 
Reports    on    Brakes    Presented    at   the    Tenth    Annual    Meeting    of    the    Vereln 

Deutscher  Strassenbahn  und  Kleinbahn  Verwaltunsen.     (17)  Nov.  18. 
(Compound  Locomotives  with  Superheaters.*      (13)    Nov.  28. 
Four-Cylinder  Compound  Locomotive  for  the  Paris,   Lyons  and  Mediterranean 

Railway.*     H.  w.  Hanbury,  A.  M.  Inst.  C.  E.     (11)   Nov.  24. 
The  York  Process  for  Rolling  Steel  Ties  from  Old  Rails.*     (15)  Nov.  24. 
Telegraph  Blocking  on  the  Northern  Pacific  Ry.*     D.  McNicol.     (Extracts  from 
Paper.    "Principles   of    Signaling,"    read   before   the   Northwest   Ry.    Club.) 
(18)  Nov.  26. 
Track  Construction  with  Steel  Longitudinals  on  the  Pennsylvania  R.  R.*     (13) 

Nov.   30. 
New  Freight  Yard  at  Alexandria,  Va.,  for  the  Washington  Southern  Ry.  and  the 
Richmond,  Fredericksburg  A  Potomac  R.  R.*    W.  A.  MacCart.     (13)  Nov.  80. 
Balanced  Compound:  Pennsylvania  Road.*      (39)   Dec. 
The  Electric  Railway  of  Gruydres.*     Emlle  (luarini.     (9)   Dec. 
Six- Wheel    Switching   Locomotive:    Chicago,   Rock   Island    ft   Pacific   Railway.* 

(25)   Dec. 
Coniparatlve  Magnitude  of  Longitudinal  Disturbing  Forces  in  a  Cole  Balanced 
Compound  azid  a  Single  Expansion  Express  Locomotive.     Edward  L.  Coster, 
Assoc.  Am.  Soc  M.  B.     (25)   Dec. 
Early   Experiments   with    Smoke-Consuming  Fire-Boxes   on   American   Locomo- 
tives.*    C.  H.  Caruthers.     (15)   Dec.  1. 
The  New  York.  Westchester  ft  Boston  Railway.*     (14)   Dec.  2. 
The  L'Hoest-P leper  System  of  Train  Lighting.*      (27)   Dec.  2. 
Motor  Drives  at  the  Pittsburgh  and  Lake  Erie  R.  R.  Shops.     (14)  Dec  2. 
The  Kingsland  Shops  of  the  Lackawanna  R.  R.*      (14)   Dec.  2. 
10- Wheel  Locomotive,  N.  Y.  C.  ft  H.  R.  R.  R.*     (18}  Dec.  2. 
Four-Cylinder    Simple    Passenger    Locomotive,    London    ft    Southwestern    Ry.* 

its)   Dec.  2. 
Berlin-Zossen  Tests  of  1902.*     (17)  Dec.  2. 
The  Dasrton  ft  Muncie  Electric  Railway.*     (17)  Dec  2. 

Receilt  Developments  In  Motor  Coaches  upon  British  Railroads.*      (19)   Dec.  2. 
New   Freight    Station    at   Cincinnati,    Ohio:    Cincinnati    Southern    Ry.*      (13) 

Dec.  7. 
Reinforced  Concrete  Roundhouse  for  the  Wabash.*     (15)  Dec.  8. 
Kansas  City-Topeka  Double  Track  Work  of  the  Union  Pacific.     (15)  Dec.  8. 
The    Origin    of   Four-Cylinder    Balanced    (Compound    Locomotives.      Charles    R. 

King.     (15)  Dec  8. 
Chicago  and  Western  Indiana  Suburban  Passenger  Stations.*     (40)  Dec  8. 
Progress  of  the  New  Jersey  Tunnels  and  Subways.*     (46)  Dec.  9. 
The  Electrification  of  the  New  York  Central's  Terminal  Lines.*      (19)  Dec  9. 
Quelques   Nouveaux  Types  de  Materiel  de  Chemins  de  Fer.     Henri  Chevalier. 

(32)    Sept. 
liocomotive  Compound  a  Marchandises  &  Deux  Bogies  Moteurs,  du  Chemin  de 

Fer  du  Nord.*     F.  Barbler.     (33)  Oct.  28. 
Efforts  de  Traction,  Double  Traction  et  Stability.*     A.  Herdner.     (38)  Nov. 
Note  sur  I'Eclairage  des  Voitures  de  Chemins  de  Fer  au  Moyen  du  sec  k  In- 
candescence par  le  Gas  Dit  "Bee  Renvers^."*     F.  Chapsal.     (38)   Nov. 
Les  Nouvelles  Locomotives-Tenders  du  Chemin  de  Fer  de  Ceintnre  de  Paris.* 

A.  Morlzot.     (34)  Nov. 
Le  Traction  Elecirique  par  Courant  Altematlf  Simple  et  la  Redresaaur  de  MM. 

Auvert  et  Ferrand.*      (33)    Nov.   11. 
Bine  Neue  Dynamomaschine  zur  Beleuchtung  von  Blsenbahnwagen.*     B.  Rosen- 
berg.    (Abstract  of  Paper  read  before  the  BlektroiechnlBchen  Verehi.)     (82) 
Oct.  28. 
Ofiterwagen  von  Hoher  Tragkraft.*     Metseltln.     (48)   Serial  beginning  Nor.  4. 
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Rallroiid-(ConUiiaed ). 

Orassmanns  Bloclcsignalanordnung  fflr  Binglelsige  Bahnstrecken.     L.  KdilfOnL 

(82)   Not.  11. 
Uber  die  Bestlmmung  der  Leistungen  von  Lokomotlyen  au8  dem  Verlaufe  der 

Geschwindigkeitskurven.     Karl  Schldss.     (53)  Not.  24. 

Railroad,  Street. 

Drainage  of  the  Interborough  Rapid  Transit  Railroad  under  tlie  Harlem  Riyer.^ 
(8)    Oct. 

New  Power-Station  Bquipment  of  the  Boston  Elevated  Railway  Company.*  (17) 
Nov.  4. 

New  Blectric  Road  in  Hastings,  England.*      (17)   Nov.  4. 

The  Standard  Surface  Car  of  the  Brooklyn  Rapid  Transit  Ck>mpany.*  (17) 
Nov.    18. 

New  Wheel-Shop  of  the  New  York  City  Railway  Company.*     (17)   Nov.  26. 

An  Blectric  underground  Freight  Railway  System.*  Frank  0.  Perkins. 
(41)    Dec. 

The  Federal  Street  Car  House  of  the  Rochester  Railway  Company.*  I.  B. 
Matthews.      (17)    Dec.  2. 

Les  Tramways  Blectriques  de  Phlladelphie.*     P.  Ayn6.     (33)  Nov.  26. 

Entwurf  einer  Schwebehahn  flir  Berlin.      (82)   Nov.  11. 

Der  Augenblickliche  Stand  der  Berliner  Schnellbahnpl&ne.*  (61)  Serial  begin- 
ning Nov.    18. 

Sanitary. 

Centrifugal  Fans.*     Thos.  H.  Johnson.     (58)   Nov. 

The  Broadway  Outfall  Sewer,  Borough  of  the  Bronx,  New  York.*     (14)  Nov.  11. 

The    Combined   Rubbish    Destructor    and   Power   Plant    in   New    York.*      (14) 

Nov.  11. 
New  York  City  Destructor  Plant  for  Lighting.*      (27)  Nov.  18. 
The  Sewage  Pumping  Station  at  the  Hampton   Institute.*      (14)  Nov.  18. 
The  Tankage  of  Sewage.     F.  Wallis  Stoddart.      (Paper  read  before  the  Royal 

Inst,  of  Public  Health.)      (14)   Nov.  18. 
The  Thirty-ninth  St.  Sewage  Pumping  Station.  Chicago.*     (14)  Nov.  18. 
Vltrifled  Tile  Sewers  as  House  Drains  in  Chicago.*      (76)    Dec. 
The  Use  of  Vitrified  Tile  Sewers  as  House  Drains.*     Perry  Lk  Hedrick.     (60) 

Dec. 
Joint  Trunk  Sewer  of  Eleven  New  Jersey  Municipalities.*      (60)   Dec 
Sewer  Construction  in  Brooklyn.*      (14)  Dec.  2. 
Timber  Tunneling  in  Quicksand   (for  sewer).*     (14)  Dec.  2. 
The  Proposed  New  Sewage  Settling  Tanks,  Contact  and  Storm  Beds  for  Sheffield. 

England.      (13)   Dec.  7. 
The  Bacterial  Purification  of  Sewage.*     Albert  Olyndon.     (46)  Dec.  9. 
Methode  de  Calcul  dee  Projets  de  ventilation  des  Locaux  Habites.     B.  Mathieu. 

(30)    Oct. 
AssainiHsement  de  la  ViUe  de  Toulon.*     (36)  Oct.  25. 
Anwendung  des  Betons  auf  dem  Oeblete  der  Stildtischen  Bntwasserung.      (51) 

Serial  oeginning  Nov.   8. 

Stmctnral. 

Some  Experiments  for  Determining  the  Elastic  and  Ultimate  Strength  of  Brick- 
work Piers  and  Pillars  of  Portland- Cement  Concrete.*  William  Charles 
Popplewell.  Assoc.  M.  Inst.  C.  B.     (63)  Vol.  161. 

The  Simplex  System  of  Concrete  Piling.*     Constantine  Shuman.     (2)  Oct. 

The  Microscopic  Structure  of  Building  Stones.     Henry  Leffmann.     (z)   Oct. 

Some  Peculiarities  of  Cement.  W.  A.  Aiken.  (Paper  read  before  the  Assoc, 
of  Amer.  Portland  Cement  Mfrs.)      (14)    Nov.  4. 

The  New  Altman  Building.  New  York.     (14)  Nov.  4. 

Transferring  a  2  000-Ton  Wall  to  Columns  and  Girders.*     (14)  Nov.  4. 

German  Specifications  for  Designing,  Constructing  and  Testing  (k>ncrete  Struc- 
tures.    Leon  S.  Moisseiff,  Assoc.  M.  Am.  Soc.  C.  B.     (13)   Nov.  9. 

Corrugated  Concrete  Foundation  Piles.     (14)  Nov.  11. 

Steel  Details  in  the  Alterations  of  the  Judge  Building.*      (14)  Nov.  11. 

The  New  Holder  for  the  Neepsend  Gas-Works,  Sheffield.*     (66)   Nov.  14. 

Structural  Steelwork  for  Gas-Works.  W.  S.  Smart.  (Paper  read  before  the 
Midland  Junior  Gas  Eng.  Assoc.)      (,66)   Nov.  14. 

A  Comparison  of  the  Recent  British  and  American  Specifications  for  Cement. 
R.  w.  Lesley,  Assoc.  M.  Am.  Soc.  C.  B.  (Abstract  of  Paper  read  before  the 
Amer.  Soc.  for  Testing  Materials  J      (13)   Nov.  16:   (15)   Nov.  10. 

Sinking  a  Foundation  Caisson  with  Post- Hole  Augers.*      (14)  Nov.  18. 

The  Elastic  Properties  of  St€«l  at  High  Temperatures.*  Bertram  Hopkinson  and 
F.  Rogers.     (Paper  presented  to  the  Royal  Soc.)      (14)  Nov.  18. 

Structural  Details  in  a  Maiden  Lane  Building.*      (14)  Nov.  18. 

Reinforced  Concrete  Building  for  the  Park  Square  Motor  Mart,  Boston.*  G.  H. 
Brazer.      (14)   Nov.  18. 

Steel  Sheet  Piling.*     (13)  Nov.  23. 

A  Reinforced  Concrete  Garage  in  New  York.*  (14)  Nov.  25. 

*  Illustrated. 
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Stractttral— (Contlnoed ) . 

Test  of  Reinforced  Concrete  Beams.*     (62)   Not.  30. 

The  Protection  of  Iron  from  Rusting.     L.  Matem.     (39)  Dec 

Mortars   and   Cements.*      Brysson   Cunningham,   Assoc.   M.   Inst.   C.   E.      (19) 

Dec    2 
Reducing  the  Voids  in  Broken  Stone  for  Concrete  by  Mixing  Different  Sizes.     B. 

J.  McCaustland.      (13)   Dec.  7. 
Reinforced   Concrete   Pile   Foundation   for   the   Lattemann   Building,    Brooklyn, 

N.  Y.*      (13)   Dec.  7. 
The  Construction  of  a  Reinforced  Concrete  Power  House.*     (19)  Dec.  9. 
Bffet  des  Hautes  Temperatures  sur  les  Propri6t£s  Elastiques  du  rer  et  de  1'Acler.* 

(33)  Nov.  4. 
Eln   Gassammelbeh&lter  aus  Eisenbeton  tQr  die  Stadtlschen  Gas-  und  Wasser- 

werke  der  Stadt  Wemigerode.*     Justus  KrUger.     (78)   Nov. 
Die  Kassettendecke  im  Eisenbetonbau.*     G.  Kaufmann.     (78)  Nov. 
Die    Dehnbarkeit    von    Eisenbeton.       (From    Zentralblat    der    Bauverwaltwig,) 

(78)    Nov. 
Gotische  Klrchengewdlbe  aus  Armiertem  Beton.*     W.  Luder.     (78)  Nov. 
Silobauten  in  Eisenbeton.     H.  SchQrch.     (51)   Serial  beginnins  Nov.  22. 
Vergleichsversuche  mit  Eisen-  und  Stahlwaren  auf  Heissem  und  Elektrolytlschem 

Wege  Verzinkt.*     Ignaz  Szirmay.     (82)  Nov.  25. 

Topographical. 

Meridian    Diagrams.*      Charles   Arthur   Albert   Barnes,    Assoc.    M.    Inst.    C.    B. 

(63)  Vol.  161. 
The  Corrections  to  be  Applied  to  the  Readings  of  a  Spring- Balance  when  used 

Horizontally  or  on  a  Slope.     Alfred  Ernest   Young.  Assoc.   M.   Inst.   C.   B. 

(63)   Vol.  161. 
Deep  Borehole  Surveying.*     Hugh  F.  Marriott.      (74)  Vol.  14. 
Methods  of  Rod-Holding  in  Stadia  Surveying  and  Description  of  a  New  Stadia 

Slide  Rule.*     Arthur  L.  Bell,  Assoc.  M.  Inst.  C.  E.     (13)    Nov.  9. 

Water  Supply. 

The  Measurement  of  Water  by   a  Venturl  Meter,  Viewed  from  a  New  Stand- 
point.    R.  Steckel.     (5)  Vol.  18,  Pt.  2. 
The  Velocity  of  Water  Flowing  Down  a  Steep  Slope.     Ernest  Prescot  Hill,  M. 

Inst.  C.  B.     (63)  Vol.  161. 
Structural  Steel  Dams.     F.  H.  Balnbrldge.     (4)   Oct. 
The  Hydraulic  Plant  of  the  Chattanooga  ft  Tennessee  River  Power  Co.*      (14) 

Nov.  4. 
The  Niagara  Power  Plant  of  the  Electrical  Development  Company  of  Ontario.* 

(13)    Serial  beginning  Nov.  9. 
Niagara  Power  in  the  Gorge.*     (27)   Serial  beginning  Nov.  18. 
A  Novel  Wing  Dam.*     Orrin  E.  Dunlap.     (14)  Nov.  18. 
Sheet  Steel  Piles  in  Reservoir  Construction.*      (14)   Nov.  18. 
The  East  Canyon  Creek  Reservoir,  Morgan  Co.,  Utah.*     Wm.  M.  Bostaph.     (14) 

Nov.  25, 
An  Unusual  Pump.*     (14)  Nov.  25. 

The  Panama  Water  and  Sewerage  Works.*      (14)  Nov.  25. 
Dynamometer  Tests  of  Water  Wheels.*      (20)  Nov.  30. 
The   Treatment   of   Water   with    Copper   Sulphate    at    Denver,    Colo.*      Geo.    T. 

Prince.      (13)    Nov.  30. 
Pipe- Line  Power  in  Niagara  Gorge.*     Alton  D.  Adams.     (10)   Dec. 
A    Country    Estate    Water    Supply    System    with    Pressure    Tank    Installation.* 

William  Paul  Gerhard.     (10)  Dec. 
Hydro-Electric  Power  under  the  Highest  Head  in  New  England.*     (27)   Dec.  2. 
The  Reconstruction  of  the  Poughkeepsle  Water  Filters.*     (14)  Dec.  2. 
Notes  on  Water  Softening.    W.  M.  Gardner  and  L.  L.  Lloyd.  (Abstract  of  Paper 

in  Journal  Soc.  Chem.  Ind.)      (16)   Dec.  2. 
Formules  Nouvelles  G6n6rale8  pour   le  Calcul  des  Turbines  Hydrauliques.*     V. 

Albltsky  and  A.  I.  Golmann.     (37)  Serial  beginning  Oct. 
Turbines  Hydrauliques.*     Abraham.      (36)   Serial  beginning  Oct.  26. 
Projets  de  Construction  d'une   Ustne   Eldvatoire   au   R6servoir  de  Montsouris.* 

(36)    Serial  beginning  Nov.  10.  -.    .        «      ^     . 

Ueber  den  Wasserzudrang  In  Brunnen  und  Baugraben.*      Philipp  Forchhelmer. 

(53)    Oct.   27.  ,„     ^ 

Die  Krelsel  und  Ihre  Leistungen.     H.  Hagens.   (48)  Oct.  28. 
Die  Geschwindlgkeitsregulierung  der  Turbinen  vom  Ende  der  Achtziger  Jahre 

des  Vorigen  Jahrhundertes  ois  auf  den   Heutlgen  Tag.*     A.   Budau.      (53) 

Nov.  17. 

Waterways. 

The  Dredging  Fleet  of  Montreal  Harbour.     H.  A.  Bavfleld.     (5)  Vol.  18,  Pt.  1. 
The  Hydraulic  Dredge  J.  Israel  Tarte.*     A.  W.  Robinson.     (5)  Vol.  18.  Pt.  1. 
The  Use  of  Electricity  on  the  Lachine  Canal.*     L.  A.  Herdt.     (5)  Vol.  18.  Pt.  1. 
Electrical  Equipment  for  Cornwall  Canal.*     F.  H.   Leonard.  Jr.      (5)    Vol.   18, 
Pt.  1. 


*  Illustrated. 
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Waterways— (Continued) . 

The  Levee  and  Drainage  Problem  of  the  American  Bottoms.     Edwin  G.   Helm. 

(1)   Sept. 
Seaham  Harbour  New  Works.*     (12)  Nov.  10. 
Progress  on   the  Panama   Canal   Work.     Wm.   H.  Taft.      (Abstract  of  Address 
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To  BE  Presented  at  the  Annual  Meeting^  January  18th,  1906. 


In  a  former  paper*  the  writer  described  at  length  the  founda* 
4iion8  and  general  plans  and  features  of  the  New  Croton  Dam. 

Since  then,  extensive  changes  have  been  made  in  the  construction 
of  this  work.  These  were  the  result  of  the  report  of  a  Board  of  Ex- 
pert Engineers,  and  were  due  primarily  to  recommendations  made  by 
the  Chief  Engineer,  William  E.  Hill,  M.  Am.  Soc.  C.  E.,  to  the 
•effect  that  the  section  of  the  dam  at  the  south  end,  which  was  about 
:275  ft.  in  length,  and  known  as  the  embankment  section,  and  partly 
l)uilt  with  core-wall  and  embankment,  be  removed,  and  the  masonry 
section  of  the  main  dam  be  extended  to  the  south  to  replace  it. 

This  change  was  authorized  by  the  Aqueduct  Commissioners  in 
April,  1902,  and  was  the  occasion  of  considerable  discussion  in 
engineering  circles  at  the  time,  and  of  some  interest  also  on  the  part 
of  the  general  public,  as  the  questions  of  the  increase  in  expense  and 
less  of  time  in  the  completion  of  the  dam  were  of  importance,  the 
latter  especially,  owing  to  the  growing  consumption  of  water  and 


*  lyaruactions^  Am.  Soc.  C.  E...  Vol.  XUH.  p.  409. 

NoTB. — ^These  papers  are  issued  befora  the  date  set  for  presentation  and  dls- 
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meeting,  and  may  be  sent  by  mail  to  the  Secretary.  Discussion,  either  oral  or 
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tinally  closed,  the  papers,  with  discussion  in  full,  will  be  published  in  Transactiona. 
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the  possible  lack  of  an  adequate  supply  before  the  dam,  thus  delayed 
in  its  completion,  could  be  utilized. 

It  is  not  the  purpose  of  the  \^Titer  to  dwell  at  length  on  the  de- 
tails of  the  discussion  above  referred  to,  which  involved  the  general 
theory  and  practice  in  the  construction  of  earthen  dams.  Neverthe- 
less, it  seems  advisable,  in  view  of  the  condition  of  certain  parts  of 
the  work  as  found  during  the  demolition  of  the  core-wall  dam,  and  of 
the  attempt  which  has  been  made  through  these  developments  to 
justify  and  confirm  the  reports  of  the  Board  of  Experts  and  the 
Chief  Engineer,  in  the  mind  of  the  public  and  the  profession,  also 
in  view  of  the  general  interest  that  has  been  occasioned  by  these 
changes,  that  the  matter  be  presented  from  another  i)oint  of  view, 
and  placed  before  the  Society  in  the  light  of  different  opinions  and 
conclusions. 

The  writer  was  Resident  Engineer  in  charge  of  the  construction 
of  the  New  Croton  Dam  from  its  inception  to  within  a  few  months, 
at  which  time  the  dam  was  practically  completed,  and,  having  re- 
signed his  position  with  the  Aqueduct  Commissioners,  takes  advan- 
tage of  this  opportunity  to  express  himself  upon  a  subject  which 
naturally  has  been  of  interest,  but  concerning  which,  owing  to  his 
Ix)8ition,  he  has  not  hitherto  felt  at  liberty  to  explain  his  views. 

The  New  Croton  Dam  was  designed  originally  by  the  late 
Alphonse  Fteley,  Past-President,  Am.  Soc.  C.  E.,  and  its  construc- 
tion advanced  under  his  direction  as  Chief  Engineer  of  the  Aque- 
duct Commissioners  from  1892  to  December,  1899,  at  which  time  he 
was  compelled  to  resign  owing  to  ill  health.  The  general  design  of 
the  various  parts  of  this  structure,  the  progress  of  construction 
up  to  January,  1900,  and  the  various  features  of  its  foundations, 
particularly  those  relating  to  the  full  masonry  section  and^to  the 
core-wall  and  embankment  section,  were  fully  described  in  the 
writer's  paper  above  referred  to.  This  paper  is  illustrated  with 
many  sections,  profiles  and  views,  and  the  reader  is  referred  to  it 
should  he  wish  for  further  information  regarding  the  dam  than  this 
present  paper,  referring  as  it  does  to  one  particular  subject,  can 
afford. 

The  discussions  following  the  report  of  the  Board  of  Experts, 
in  which  the  Board  recommended  the  substitution  of  the  masonry 
section  for  the  core-wall  section,  were  fully  reported  in  the  engineer- 
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ing  press  at  the  time,  and  the  questions  of  the  heights  of  oore-waH 
dams  and  the  functions  and  actions  of  core-walls  and  embankments 
were  given  in  detail.  In  May,  1902,  the  work  of  tearing  out  the  old 
section  was  started,  and  in  March,  1903,  had  reached  the  base  of  the 
core- wall  section  in  question,  where  it  was  found  at  one  point  that 
the  limestone  rock  foundation  was  of  a  character  to  give  riae,  in 
the  minds  of  some,  to  the  question  of  its  proper  adequacy,  and  as  to 
whether  an  error,  either  of  judgment  or  neglect,  had  not  been  made 
in  building  the  wall  on  it  in  the  beginning.  Mr.  Hill  has  described 
these  conditions  as  he  found  them,  and  has  dwelt  upon  the  disastrous 
results  which,  in  his  opinion,  would  have  followed  the  completion  of 
the  dam  on  the  lines  as  originally  planned,  in  a  paper  published  by 
the  American  Water-Works  Association  in  1905.  The  writer  doea 
not  agree  with  these  conclusions,  and  takes  this  occasion  to  review 
the  subject. 

The  following  is  a  description  of  some  of  the  illustrations  used 
herein : 

Fig.  1  is  a  plan  showing  in  outline  the  section  of  embankment 
and  core-wall  lying  between  the  south  end  of  the  masonry  dam  and 
its  wing-wall  and  Gate-House  No.  1,  which  section  was  partly  fin- 
ished and  later  taken  out  and  replaced  by  the  extension  of  the 
masonry  dam. 

Fig.  2  shows  the  profile  of  this  part  of  the  dam,  with  the  original 
ground  surface,  the  original  rock  surface,  the  rock  surface  as  ex- 
cavated for  the  core-wall  foundation,  the  location  of  the  dike  of 
questionable  limestone,  the  line  of  the  top  of  the  embankment  as 
generally  planned,  etc.  Fig.  2  also  shows  the  cross-section  of  the 
embankment  at  the  point  in  question,  and,  in  section,  the  refilling, 
the  undisturbed  natural  embankment,  the  core- wall  trench,  the  core- 
wall  as  designed  and  partly  built,  and  the  embankment  as  planned 
along  the  so-called  line  of  least  resistance  to  the  pressure  and  pass- 
age of  water  under  or  through  the  core-wall  at  the  point  in  question. 

This  line  of  least  resistance  is  located  to  accord  with  the  defi- 
nition given  in  the  report  of  the  Board  of  Experts,  before  referred 
to,  and  is  shown  on  the  plan  by  the  lines  A,  B,  C,  B,  E. 

Plate  cm  shows  the  foundation  masonry  of  the  main  dam,  the 
hillside  of  hardpan  into  which  this  masonry  was  carried,  and  the 
trench  for  the  core-wall. 
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The  Foundation. — ^As  shown  on  the  plan  and  on  the  profile,  the 
seam  or  dike  of  questionable  limestone  extended  from  Station  1  +  30 
to  Station  1  +  96,  &  distance  of  about  65  ft.  It  was  prepared  under 
the  engineer's  direction  to  receive  the  core-wall  base,  and  no  question 
can  be  raised  as  to  any  oversight  in  connection  with  it.     The  trench 
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was  sunk  in  the  rock,  varying  in  depth  at  different  points  from  4  to 
12  ft.  The* floor  thus  formed  was  duly  inspected,  tested  for  bearing 
qualities,  and  then  built  upon.  This  floor,  as  shown  at  the  time,  was 
compact  granular  limestone,  shaped  with  a  pick  with  some  difliculty. 
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and  amply  hard  and  solid  to  perform  its  duty,  which  was  to  cany  the 
section  of  the  core-wall  above  it.* 

Upon  the  removal  of  the  core-wall  the  rock  showed  much  softer 
than  it  did  originally.    This  was  largely,  if  not  wholly,  due  to  the 
long  exposure  to  which  it  was  subjected  during  the  progress  of  the 
excavation  necessary  to  its  removal,  to  weather,  water,  and  the  use 
of  blasting  powder.    This  resulted  in  relieving  a  compact  compressed 
granular  rock  of  its  binding  qualities,  and  rendered  it  more  liable 
to  the  wear  and  disintegrating  influence  of  the  surface  water.    The 
assumption  was  made  by  some  people  that  there  may  have  been  a 
gradual  softening,  or  deterioration,  of  this  bottom  since  the  trench 
was  opened  originally,  but  there  does  not  seem  to  have  been  adequate 
ground  for  such  conclusions.    In  its  characteristics,  the  dike  was 
similar  to,  but  more  extensive  than,  other  dikes  found  at  various  points 
along  the  line  of  the  foundations  of  the  core-wall  and  the  main  dam, 
from  south  of  the  location  of  Gate-House  Ko.  1  to  Station  7  +  SO 
on  the  main  dam.    The  rock  at  all  these  points,  if  of  sufficient 
bearing  power,  was  assumed  to  be  suitable  to  build  upon,  in  view 
of  the  amount  of  embankment  and  refilling  which  it  was  planned  to 
place  on  the  up-stream  side  to  seal  the  rock  bottom,  both  along  the 
main  dam  and  the  core-wall,  from  the  water  pressure  on  the  up- 
stream side;  and  the  dam  as  originally  built  has  been  allowed  to 
stand  upon  it.    The  features  of  the  limestone  rock,  forming  as 
it  does  the  base  for  most  of  the  masonry  section  of  the  main  dam 
and  all  of  the  core-wall  section,  were  made,  at  the  instance  of  Mr. 
Fteley,  the  subject  of  special  investigation  and  report  on  the  part 
of  Professor  Kemp,  of  Columbia  University,  in  1896,  at  which  time 
a  considerable  portion  of  the  main  dam  foundation  had  been  un- 
covered.   There  is  in  this  report  no  suggestion  of  any  gradual  de- 
terioration of  the  limestone  rock  under  any  influences  to  which  it 
might  be  subjected  after  the  construction  of  the  dam;  on  the  con- 
trary, the  general  tenor  of  the  report  is  against  such  a  theory,  nor 
has  the  writer  learned  that  later,  in  any  rejwrt  made  by  him,  has 
Professor  Kemp  admitted  that  such  changes  were  probable.    In  this 
connection  it  should  be  said  that  the  whole  question  of  building  the 
dam  on  this  limestone  bottom  was  fully  investigated  and  considered 


♦  For  a  view  ahowing  this  trench  the  reader  is  referred  to  Fig.  1,  Plate  XXX VII.  Vol. 
XLin,  Tnmaactiona,  Am.  Soc.  C.  E. 
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by  Mr.  Fteley.  This  is  shown  by  the  extensive  system  of  boringB, 
made  and  recorded  before  the  beginning  of  the  construction,  as  well 
as  his  reports  upon  the  choice  of  -location  of  the  dam  stmc- 
ttire.  The  various  features  of  this  limestone  rock  were  thoroughly 
understood,  and  the  location  of  the  south  end  of  the  main  dam  and 
the  extent  of  the  core-wall  section  were  determined  after  a  thorough 
study  of  the  bottom  and  its  overlying  strata  of  gravel  and  haidpan. 
The  mass  of  hardpan  covering  the  southern  slope  of  the  valley  and 
extending  to  the  bed-rock  from  the  end  of  the  main  dam  was  a  con- 
trolling consideration  in  his  acquiescence  in  the  construction  of  the 
dam  at  this  point,  as  the  hardpan  furnished  an  opportunity  for  the 
construction  of  an  embankment  section  and  for  the  exercise  of  a 
proper  economy  in  the  design  of  the  structure. 

The  Core-Wall  and  Emhanhment, — At  the  location  of  this  dike 
the  core-wall,  as  shown  on  the  profile  and  section.  Fig.  2,  was  carried 
up  to  a  height  of  about  75  ft.  above  the  base  and  to  within  35  ft.  of 
its  completed  height.  It  was  built  in  a  narrow  vertical  trench,  more 
than  60  ft.  in  depth,  excavated  in  hardpan  so  hard  that  powder  was 
used  to  get  it  out,  and  surmounted  by  a  sloped  trench  reaching  up 
from  25  to  30  ft.  to  the  original  surface  of  the  ground  which,  at  this 
point,  is  only  about  20  ft.  below  ordinary  high-water  mark  in  the 
basin.  Thus,  at  this  point,  a  trench  80  ft.  deep  had  been  dug  in  the 
ground  to  found  a  core-wall  for  an  embankment  to  retain  20  ft.  of 
water  above  the  ground. 

This  core-wall  stood  for  several  years,  showing  no  signs  of  settle- 
ment, nor  did  a  most  careful  examination  of  the  wall  and  its  founda- 
tions as  it  was  taken  down  reveal  any  trace  of  settlement.  At  the 
top  of  the  wall  at  various  points  along  its  length,  and  not  confined 
to  the  short  stretch  covered  by  the  dike  in  question,  some  temperature 
cracks  had  shown  above  the  line  of  the  refilling,  and  it  was  so  evident 
that  they  were  due  to  changes  of  temperature  and,  possibly,  to  some 
extent,  to  shrinkage  of  the  setting  mortar,  that  they  were  not  given 
serious  consideration  until  Mr.  Hill's  attention  was  called  to  them, 
und  by  him  they  were  considered  so  serious  that  his  first  report  and 
recommendation  that  the  core-wall  be  removed  were  very  largely 
based  upon  them. 

It  should  not  be  lost  sight  of  that  this  hardpan,  forming  the  sides 
of  tlie  core- wall  trench,  extended  to  the  rock,  and  was  so  compact 
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that  a  slope  at  the  south  end  of  the  main  dan^  excavation  as  orig- 
inally planned  and  excavated,  100  ft.  high  and  having  slopes  of  i 
horizontal  to  1  vertical,  stood  for  several  years  without  change  in 
slope,  except  that  due  to  scaling  ofP  in  frosty  weather,  caused  by  the 
alternate  freezing  and  thawing  of  its  surface  as  it  became  water- 
soaked.  This  hardpan  in  its  undisturbed  condition  is  practically 
impervious  to  water,  and  surfaces  which  have  been  exposed  to  im- 
pounded water  in  the  basin  for  5  months  of  the  present  season  stand 
solidly  and  without  sign  of  change  at  a  slope  at  least  as  steep  as 
1  to  1. 

Fig.  2,  Plate  XXXVII,  Vol.  XLIII,  Transactions,  Am.  Soc. 
C.  E.,  shows  this  hardpan  at  the  point  at  which  the  trench  for  the 
core- wall  was  later  cut  into  the  face  of  the  slope  which,  at  this  point, 
as  above  stated,  was  i  horizontal  to,  1  vertical.  At  the  bottom  may 
be  seen  a  short  stretch  of  the  core-wall  connecting  the  main  dam 
masonry,  which  shows  in  the  lower  right  comer,  with  the  stretch  to 
be  laid  in  the  trench  when  the  cutting  has  been  made.  This  slope 
extends,  as  shown,  along  the  south  end  of  the  main  dam  and  curves 
around  the  comers  of  the  base,  forming  a  vast  pocket  in  the  hillside 
into  which  the  main  dam  section  was  carried  to  a  horizontal  depth 
of  more  than  200  ft.  in  the  hardpan.  Plate  CIII  is  another  and 
more  extensive  view  of  the  hardpan  slopes,  and  shows  more  clearly 
the  horizontal  depth  to  which  the  excavation  had  been  carried  into 
the  hillside,  as  well  as  the  vertical  extent  of  the  hardpan.  This 
hardpan  was  a  mixture  of  very  fine  sand  with  a  small  quantity  of 
clayey  material  and  boulders. 

Fig.  2  shows  a  cross-section  of  the  dam,  normal  to  its  line,  at  the 
point  of  questionable  foundation,  and  the  excessive  depth  to  which 
the  core-wall  was  sunk  in  the  hardpan  at  this  point,  at  which  the 
water  above  the  restored  surface  would  be  about  20  ft.  in  depth, 
would  seem  to  be  evident.  In  fact,  it  would  seem  that  no  practical 
consideration  would  warrant  carrying  the  core-wall,  at  this  point, 
more  than  a  moderate  distance  into  the  hardpan. 

Fig.  2  also  shows  a  developed  section  at  this  point  in  the  core- 
wall  foundation  taken  along  the  so-called  line  of  least  resistance, 
as  shown  by  the  letters,  A,  B,  C,  B,  E,  on  Fig.  1.  On  this  section  the 
bottom  water  level  on  the  up-stream  side  is  shown  at  Elevation  75,  and 
the  bottom  land  level  on  the  down-stream  side  at  Elevation  70.     The 


606  .CHANGES  AT  THE  NEW  CROTON  DAM.  [Papcre. 

core-wall  foundation  is  shown  at  Elevation  90  in  the  dike  of  granu- 
lar limestone,  and  on  either  side  of  it  is. shown  the  extensiye  bank 
or  wall  of  hardpan  through  or  under  which  water  would  have  to  iiass 
before  reaching  the  wall.  This  is  in  addition  to  the  very  extensive 
and  carefully  made  embankment  and  refill  shown  on  the  up-stream 
face  above  and  below  Elevation  75.  On  the  lower  side  is  shown  the 
equally  extensive  refill  extending  to  Elevation  70.  The  slope  of  this 
bank,  on  the  up-stream  side,  is  about  4  to  1,  down-stream,  about 
3A  to  1.  The  thickness  of  the  bank  at  ordinary  high-water  eleva- 
tion is  about  200  ft.  and  the  thickness  of  the  core-wall  at  Elevation 
80,  if  the  hardpan  be  taken  into  account  and  included,  is  about 
300  ft. 

It  is  difficult  to  understand,  in  view  of  the  exhibit  as  above  made,. 
how  any  contention  can  be  sustained  that  the  granular  or  soft,  or 
(even  admitting  it)  the  deteriorating  qualities  of  the  seam  at  Station 
1  +  88,  could  have  any  effect  upon  the  stability  of  the  dam  and  em- 
bankment core-wall  at  this  point. 

The  conditions  of  the  rock  base  at  this  point  were  practically  the 
same  as  at  other  points  previously  mentioned,  under  the  core-wall 
and  masonry  dam,  where  the  dam  was  allowed  to  stand  as  originally 
built,  and  the  protection  to  these  points  from  the  up-stream  refiU  in 
the  case  of  the  main  dam,  and  from  the  refill  and  hardpan  trench 
along  the  core-wall,  is  certainly  no  greater  than  would  have  been 
afforded  in  the  case  of  the  dike  in  question.  It  has  thus  happened 
that  one  seam  has  been  dug  out,  though  only  partially,  while,. 
through  force  of  circumstances,  other  seams  no  better  protected 
have  been  allowed  to  remain.  This  seam  was  excavated  to  a  depth 
of  about  40  ft.  below  the  first  excavation  for  the  foundation  of  the 
extended  section  of  the  main  dam,  and  an  adequate  bottom  for  the 
foundation  was  obtained.  This  bottom  is  still  of  granular  limestone,, 
which,  however,  has  materially  diminished  in  width  4t  the  level 
reached. 

The  core-wall  at  this  point  would  have  been  about  100  ft.  in 
height  had  it  been  completed,  and  it  would  have  been  within  the 
limits  of  good  practice  had  the  wall  not  been  carried  to  bed- 
rock. The  core-wall  was  planned  to  be  built  along  and  up  the 
valley  slope  on  rock  in  order  that  it  might  be  said  that  in  this  struc- 
ture the  continuity  of  the  masonry  and  rock  foundation  is  complete 


PLATE  cm. 
PAPERS,  AM.  soc.  c.  e. 

DECEMBER,  1»05. 

QOWEN  ON 

NEW  CROTON  DAM. 


«■  «  «• 


•  •  • 

•        «  » 


». 


Papers.]  CHANGES  AT  THE  NEW  CBOTON  DAM.  607 

throughout,  and,  as  a  matter  of  fact,  it  was  not  considered  of  im- 
portance that  the  foundation  of  this  wall  should  be  placed  on  rock,. 
and  the  hardpan  would  have  been  entirely  adequate. 

In  illustration  of  the  above  may  be  cited  the  Titicus  Dam,  where 
the  core-wall  is  built  on  the  hardpan  for  a  height  of  more  than 
120  ft.  in  the  north  embankment;  and  in  the  south  embankment  the 
wall  at  a  point  of  lesser  height  leaves  the  limestone  foundation  when 
it  begins  to  dip  below  the  horizontal  and  is  built  on  hardpan  for 
some  distance  until  it  reaches  the  limestone  again  as  the  latter  rises 
above  the  horizontal. 

At  Carmel  Dam  the  core-wall  leaves  the  rock  at  a  point  where  it 
IB  75  ft.  high,  on  hardpan,  and  at  a  short  distance  away  the  wall^ 
50  ft.  high,  is  based  on  compact  sand  and  fine  gravel. 

At  Bog  Brook  the  core-wall,  about  70  ft.  high,  is  built  on  a  base 
of  compact  earthy  material. 

At  Kensico  Dam  the  core-wall  is  64  ft.  high,  and  rests  on  a  hard- 
pan  base. 

Fig.  3  shows  the  core-walls  at  Titicus,  Carmel,  Bog  Brook,  and 
Kensico  Dams,  their  connection  with  the  masonry  section,  and  the 
points  at  which  they  leave  their  rock  bases.  As  shown  in  the  case 
of  Carmel  Dam,  the  core-wall  leaves  the  rock  at  a  point  where  the 
rock  begins  to  dip,  near  the  junction  of  the  wall  with  the  dam  sec- 
tion; and  such  practice  has  not  been  uncommon  in  other  cases  of 
high  dams,  where  the  rule  has  been  followed  that  a  core-wall  is 
adequately  placed  when  founded  upon  a  stratum  sufficiently  im- 
pervious and  of  sufficient  extent  to  stop  percolation.  Numerous 
cases  can  be  cited  of  core-wall  dams  varying  in  effective  height 
from  100  to  120  ft.,  in  different  sections  of  the  country,  with  core- 
walls  based  on  compact  earth  or  rock,  in  successful  operation;  and  it 
is  a  matter  of  common  knowledge  to  those  interested  that  there  is 
no  record  extant  of  the  failure  of  an  earthen  dam  with  a  core-wall 
due  to  filtration  through  or  under  the  wall  and  the  consequent  move- 
ment of  the  down-stream  bank.  Failures  have  been  due  invariably 
to  overtopping,  to  leakage*  along  the  line  of  some  improperly  placed 
pipe  or  sluiceway,  or  to  the  retention  of  water  by  the  material  of  the 
down-stream  bank. 

Among  the  high  core-wall  dams  above  referred  to  are  the  follow- 
ing:    The  Druid  Lake  Dam,  of  the  Baltimore  Water- Works,  which 
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lias  an  effective  height  of  95  ft.,  with  a  puddle  core-wall  on  a  rock 
bottom  118  ft.  below  the  top  of  the  dam;  the  San  Leandro  Dam,  near 
Oakland,  California,  with  an  effective  height  of  121  ft.  and  a  puddle 
core-wall  based  on  an  earth  bottom;  the  Tabeaud  Dam,  near  Jack- 
son, California,  123  ft.  in  height,  with  an  effective  height  of  115  ft.; 
its  core-wall  being  a  puddle-wall  on  rock  carried  only  part  way  up 
through  the  dam.  The  Temescal  Dam,  also  in  California,  is  from 
95  to  100  ft.  in  effective  height,  and  has  a  core-wall  based  on  earth. 
There  are  many  dams  of  gKot  age  in  India,  where  for  many 
years  they  have  been  used  for  irrigation  purposes.  One  of  theae 
dams  is  95  ft.  in  height,  is  built  of  clayey  material,  and,  so  far  as 
known,  has  no  core-wall. 

In  the  foregoing  statements  the  effective  height  is  defined  as  the 
<iifference  between  the  level  of  the  water  at  high-water  mark  and 
the  level  of  the  point  of  intersection  of  the  down-stream  slope  and 
the  plane  of  the  valley  bottom. 

To  the  contention  that  flowage  is  especially  likely  to  occur  along 
the  face  of  the  core-wall,  between  it  and  the  embankment,  it  may  be 
said  that  experience  does  not  justify  such  a  conclusion,  and  the  case 
of  the  Titicus  Dam  may  be  cited  in  illustration.  The  conditions 
there,  if  anywhere,  seemed  to  be  especially  favorable  for  such  re- 
sults, and  where  the  core- wall  leaves  the  rock  (see  Fig.  3),  at  a  point 
about  300  ft.  distant  from  the  junction  of  the  embankment  cone  and 
the  up-stream  face  of  the  masonry  wall,  it  is  about  120  ft.  hi^ 
Por  several  years  after  the  completion  of  this  dam  there  was  a 
gradual  settlement  of  the  up-stream  bank,  which  amounted  to  18  in. 
along  this  face,  and  the  conditions  would  seem  to  have  been  especially 
favorable  to  develop  a  flow  along  the  wall.  There  was,  of  course,  a 
gradual  compacting  of  the  bank  due  to  the  settlement,  but  the  Board 
of  Experts,  in  their  investigation,  found  no  trace  of  seepage  or  flow 
in  the  down-stream  bank  or  through  the  core-wall,  and  there  does 
not  seem  to  be  any  ground  for  the  assumption  that  a  flow  developed 
through  a  core-wall,  from  any  reason,  would  induce  a  flow  along  the 
side  of  the  wall  between  it  and  the  embankment,  where,  it  must  be 
remembered,  the  steady  static  pressure  due  to  the  weight  of  the 
saturated  bank  and  normal  to  the  assumed  line  of  induced  flow 
would  act  to  prevent  it. 

This  point  is  further  illustrated  in  the  case  of  the  main  dam 
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section  at  the  New  Croton  Dam,  where  the  refill  on  the  up-stream 
side  stands  from  100  to  140  ft.  below  high-water  mark;  and  it  ia 
upon  this  fill  that  dependence  is  placed  to  stop  flow  through  the 
fissured  limestone  which  forms  the  base  of  the  dam  below. 

The  writer,  therefore,  cannot  see  that  there  is  ground  for  the 
contention  that  the  rock  foundation  of  the  core-wall  was  unsafe, 
nor  can  he,  as  he  reviews  the  arguments  on  the  general  question  of 
the  substitution  of  the  masonry  section  for  the  core-wall  section, 
-concede  that  the  i>oints  were  well  taken.  It  would  seem  that  the 
rejoinders  to  the  reports,  made  by  Messrs.  Fteley  and  Craven  in  the 
engineering  press,  covered  completely  and  fully  all  the  points  ad- 
vanced, and  disposed  of  the  conclusions  effectively,  and  that  nothing 
further  need  be  said  beyond  this :  That  the  City  of  New  York  has 
expended  unnecessarily  nearly  $1000  000  and  has  failed  to  utilize 
at  least  two  years  of  valuable  time  during  which  these  changes  at  the 
New  Croton  Dam  were  being  carried  out. 
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TEST  OF  A  THREE-STAGE,  DIRECT-CONNECTED, 
CENTRIFUGAL  PUMPING  UNIT.* 


By  Philip  E.  Harboun,  M.  Am.  Spc.  C.  E. 
To  BE  Presented  February  7th^  1906. 


These  notes  are  presented  in  the  hope  that  they  will  lead  to  dis- 
cussion and  bring  out  the  results  of  other  tests. 

For  several  years  many  of  the  makers  of  centrifugal  pumps  on 
the  Pacific  Coast  have  been  claiming  that  they  secure  an  efficiency 
of  76  and  80%,  and  even  higher,  for  their  pumps,  but  the  writer 
has  never  been  able  to  obtain  authentic  data  which  would  support 
these  claims.  In  fact,  he  has  thought  that  an  efficiency  of  from  55 
to  60%  was  seldom  exceeded,  and  that  the  average  efficiency  ot  tne 
commercial  pumps  turned  out  was  far  less. 

During  the  autumn  of  1904,  the  writer,  while  on  a  trip  through 
the  San  Joaquin  Valley,  had  the  opportunity  of  seeing  in  operation 
some  eight  or  ten  centrifugal  pumping  unijs,  and,  with  the  avail- 
able instruments  at  hand,  endeavored  to  obtain  their  efficiency. 
These  were  all  two-step  pumps,  with  one  exception,  which  was  a 
three-step.  They  were  all  direct-connected  to  induction  motors. 
With  two  exceptions,  they  were  being  used  for  water-supply  service 

*  This  paper  was  presented  at  a  meeting  of  the  San  Francisco  Association  of  Mem- 
bers, Am.  Boc.  C.  E..  October  21  st,  1905,  and  several  discussions,  presented  at  that  meet- 
ing, are  printed  with  it,  but  the  whole  aublect  will  be  open  for  discussion  at  the  meeting 
of  the  Society  on  February  7tb,  1900,  and  further  discussions  are  solicited. 
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to  the  various  towns  in  which  they  were  located,  and  were  pumping 
to  stand-pipes  or  tanks  a  constant  volume  under  a  practically  con- 
stant head,  and  were  in  continuous  service.  The  two  exceptions 
were  irrigating  units,  under  the  same  conditions  as  to  volume  and 
head,  but  in  service  probably  an  average  of  6  months  in  the 
year.  As,  in  these  instances,  the  service  was  practically  con- 
tinuous, and  both  the  volume  and  head  were  constant,  these  units 
were  probably  selected  from  stock,  or  designed  to  give  a  maximum 
efficiency  for  the  volume  and  under  the  head  in  each  particular  case. 
The  observed  efficiencies  of  these  units  ranged  between  25  and  45 fj;^ 
with  an  average  of  about  35  per  cent.  The  writer  had  some  hesita- 
tion in  accepting  fully  the  individual  results,  owing  to  his  having 
no  facilities  for  verifying  the  instruments  used,  and  the  necessity 
of  accepting  the  statements  of  the  owners  as  to  certain  essential 
factors;  at  the  same  time,  he  believes  that  the  results  he 
obtained  are  practically  correct.  In  view  of  these  facts,  the  writer 
was  especially  interested  when  the  opportunity  arose  to  test  the  unit 
mentioned  in  the  following. 

The  unit  consists  of  a  three-stage,  centrifugal  pump,  direct- 
connected  to  a  25-h.  p.,  2-phase,  7  200  alternations,  200-volt  indue- 
tion  motor,  making  1 120  rev.  per  min.  It  was  built  for  use  as  a 
mine  drainage  or  sinking  pump,  and  to  operate  in  an  inclined  shaft. 
The  photographs,  Plate  CIV,  show  the  unit  in  detail  as  it  was  set 
up  for  testing,  and  also  indicate  the  approximate  angle  of  operation. 
The  contract  for  furnishing  this  pump  was  drawn  "without  benefit 
of  clergy,"  and  simply  provided  that  the  pump  should  deliver  250  gaL 
per  min.  at  a  head  of  200  ft.,  and  that  a  standard  25-h.  p.  motor,, 
as  above  described,  would  furnish  all  the  power  required. 

Upon  being  retained  by  the  purchasers  to  test  the  unit,  the 
writer  examined  it*  in  the  place  where  it  had  been  set  up  and  was 
being  operated  by  the  makers.  This  examination  showed  that  the 
unit  was  apparently  delivering  240  gal.  per  min.  at  a  head  of  180  ft., 
and  the  failure  of  the  unit  to  meet  the  prescribed  requirements  was 
stated  by  the  makers  to  be  lack  of  speed  in  the  motor  due  to  the 
excessive  transforming  of  the  current  used.  Under  these  circum- 
stances, the  writer  refused  to  conduct  the  test  until  the  requirements 
specified  should  have  been  more  nearly  approximated. 

The  writer  also  found  that  the  facilities  for  testing  offered  by 
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the  makers  were  not  adequate,  and  he  then  sought  permission  to 
conduct  the  test  at  the  Mechanical  Laboratory  of  the  University 
of  California.  This  x)ermis8ion  was  readily  granted  by  the  Depart- 
ments of  Agriculture  and  of  Mechanics,  and,  after  considerable 
objection  on  the  part  of  the  makers,  their  sanction  was  also  obtained. 

Before  the  pump  was  shipped  to  the  laboratory  for  the  test^  it 
was  retained  by  the  makers  some  two  weeks,  and  during  that  tbne 
changes  were  made  by  them  in  the  pump,  or  motor,  or  botb,  to 
bring  them  up  to  the  requirements  of  the  contract.  Inunediatdy 
prior  to  its  shipment  it  was  examined  by  the  writer  while  in  opera- 
tion by  the  makers,  and,  according  to  their  measuremoits,  not 
verified  by  the  writer,  it  was  apparently  fulfilling  the  requirements 
of  the  contract. 

At  the  laboratory  the  unit  was  set  up  and  run  during  the  test  by 
a  representative  of  the  makers.  The  control  of  the  Departments  of 
Agriculture  and  Mechanics  was  exercised  by  Professor  J.  N.  Le 
Conte,  assisted  by  Mr.  C.  P.  Gilcrest,  in  electricity;  while  the  same 
services  were  exercised  by  the  writer  on  behalf  of  his  clients,  the 
purchasers.  Arthur  L.  Adams,  M.  Am.  Soc.  C.  E.,  Consulting 
Hydraulic  Engineer,  was  also  present  throughout  the  entire  test 

It  is  needless  to  say  that  all  possible  precautions  were  taken  to 
insure  the  correctness  of  the  results  obtained,  and  that  there  can  be 
DO  question  on  that  score.  Por  the  measurement  of  power,  Weston 
watt  meters  were  used.  In  the  determination  of  the  discharge^  a 
2.50-ft.  contracted  rectangular  weir  was  used,  and  the  results  were 
calculated  by  the  Prancis  formula,  Q  =  G  (b  —  0.2  h)  fc*,  using 
for  C  a  coefficient  determined  by  Professor  Le  Conte  for  this  par- 
ticular weir,  which  gives  slightly  greater  results  than  the  Prancis 
coefficient.  The  weir  discharge  was  also  checked  by  volu- 
metric tank  measurements,  and  with  an  agreement  of  within  1  per 
cent. 

Table  1  gives  the  results  obtained,  and  the  diagram.  Fig.  1, 
covers  the  same  items.  At  the  head  for  which  the  pump  was  de- 
signed, 200  ft.,  the  discharge  was  190  gal.  per  min.,  and  the  com- 
bined efficiency  was  34.2% ;  or,  taking  the  motor  at  90%,  38%  was 
the  efficiency  for  the  pump. 

It  is  very  probable  that  the  maker  of  this  pump  considered  it  his 
best  effort  to  meet  the  conditions  imposed  in  the  contract.    This  is 
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indicated  by  the  changes  made  in  it  during  the  two  weeks  it 
held  by  him  prior  to  the  testy  and  also  by  the  probability  that  he 
would  not  have  submitted  it  for  such  test  had  he  deemed  it  other- 
wise. That  it  fell  so  far  short  of  the  maker's  expectations,  is  doe^ 
to  some  extent,  to  the  crudeness  of  the  apparatus  by  which  the  shop 
tests  are  made.  It  is  much  to  be  regretted  that  the  test  was  not 
conducted  through  a  greater  range,  but  it  seems  probable  that  this 
pump  should  be  rated  at  400  gaL  per  min.  at  130  ft.  head,  and, 
allowing  90%  efficiency  for  the  motor,  47%  would  be  the  Tnaximnm 
efficiency  of  the  pump  at  this  rating. 

This  test  is  specially  interesting  to  the  writer,  in  view  of  the 
approximate  tests  previously  mentioned,  and,  in  connection  with 
them,  he  believes  that  35%  may  be  taken  as  a  fair  average  of  the 
efficiencies  obtained  in  the  actual  operation  of  these  units  in  this 
section. 

It  seems  reasonable  to  expect  that,  for  so  small  a  unit  as  that 
tested,  a  pump  efficiency  of  from  55  to  60%  should  have  been  ob- 
tained, or,  say,  50  to  54%  for  the  combined  unit.  If  $50  per  horse- 
power per  annum  is  taken  as  the  cost  of  power,  the  annual  charge 
for  the  unit  tested  is  $1 450,  as  against  $1 000  for  a  unit  of  50% 
efficiency,  and  the  annual  saving  in  cost  of  power,  by  a  unit  of  50% 
efficiency,  would  have  returned  the  entire  first  cost  of  the  one  tested 
in  2i  years. 
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DISCUSSION. 


J.  EiOHARDS^  Esq.  (by  letter). — ^The  experiments  described  by  Mr.  Ricbards. 
Mr.  Harroun  were  conducted  at  considerable  expense  and  effort  to 
educate  engineering  students  in  the  IJniyersity  of  California,  but 
they  might  have  served  a  more  useful  purpose  had  they  been  directed 
toward  solving  some  of  the  present  problems  in  centrifugal  pumping, 
instead  of  testing  the  efficiency  of  a  commercial  pump,  of  which  not 
even  the  construction  is  disclosed,  and  which,  for  that  reason,  cannot 
be  discussed  on  technical  grounds. 

The  writer  feels  warranted  in  this  remark  because  in  August, 
1904,  he  proposed  to  send  to  the  faculty  of  the  University  of  Oali- 
f omia  several  pumps,  not  made  for  sale,  but  for  experimental  pur- 
poses.   These  pumps  were  arranged  with  adjustable  and  removable 
dispersion  vanes,  with  throatways  finished  smooth,  and  adapted  for 
a  nimiber  of  different  experiments,  including  relative  efficiencies. 
The  experiments  proposed  were  as  follows : 
1. — 3-in.  pump.    With  open  throat,  guide  vanes  removed,  tested 
at  various  heads  and  rates  of  speed.    Cut  off  x>oints  of  the 
balancing  vanes  on  the  back  until  the  impeller  is  in  equi- 
librium, and  no  thrust. 
2. — 3-in.  pump.    With  guide  vanes  set  for  J-in.  throats. 
3. — 3-in.  pump.    With  guide  vanes  set  for  J-in.  throats. 
4. — ^Bemove  outside  vanes  and  oi)en  impeller  at  the  sides;  then 

repeat  Experiments  1,  2,  and  3. 
5. — Connect  4-in.   discharge  to  this   pump,   remove  dispersion 

vanes,  and  test  for  heads  from  10  to  50  ft. 
Experiments  6,  7,  and  8  to  be  defined  later. 
9. — ^2-in.  pump.    With  dispersion  vanes  removed.    Cut  off  back 

vanes  on  this  impeller  to  balance,  as  in  the  3-in.  pimip. 
10. — ^2-in.  pump.    With  dispersion  vanes  for  i-in.  throatways. 
11. — ^2-in.  pump.    With  dispersion  vanes  for  J-in.  throatways. 
12. — Second  2-in.  pump.    With  single  issue  (Pump  No.  3.)     This 
is  a  novel  combination,  now  the  subject  of  controversy 
among  engineers. 
13. — 3-in.  four-stage  pump.    Eight  experiments,  with  one,  two, 
three,   and   four   impellers,   with   and   without  dispersion 
vanes,  at  pressures  from  10  to  150  lb.  per  sq.  in.,  and  si>eedB 
accordingly. 
At  that  time  the  machinery  was  almost  completed,  and  the  writer 
stated,  in  his  letter  to  the  University  of  California,  that  no  complete 
experiments  had  been  made  which  had  offered  material  aid  to  the 
art;  that  highly  useful  experiments  had  been  made  in  France  and 
Switzerland,  but  were  mainly  in  private  interest;  that  it  was  not 
intended,  in  this  case,  to  try  a  certain  construction  of  commercial 


618    DISCUeSION  ON  EFFICIENCY  OP  CENTRIFt'OAL  PUUPS.     [P*pW«- 


I.  pumps,  but  that  the  machinet?,  except  in  Experiment  13,  had  been 
made  eepeciaU;  for  the  purpose  and  for  no  commercial  object  what- 
ever. 

To  this  communication  the  writer  received  no  response. 

In  reepect  to  the  performance  of  stage  centrifugal  pumps,  the 
writer,  for  some  years  past,  has  not  given  much  attention  to  the 
claims  of  those  who  make  and  sell  such  machines.  TJsually,  the 
means  of  determining  the  useful  effect,  or  efficiency,  are  incomplete, 
or  the  results  inconclusive. 

Some  years  ago,  the  writer  sent  to  a  celebrated  engineer  in 
Switserland  a  table  of  quantities  and  results  prepared  by  the  maken 
of  a  compound  centrifugal  pump,  that  is,  two  pumps  in  series. 
Tbia  table  was  prepared,  no  doubt,  in  entire  good  faith,  but  the 
laconic  reply  received  from  the  Swiss  engineer  was  discouraging^ 


In  substance,  he  said,  "These  quantities  will  not  in  this  country 
produce  the  result  claimed,  and  if  they  do  in  California  it  must  be 
owing  to  the  climate." 

Another  case  may  be  mentioned.  Two  small  pumps  were  pur- 
chased from  different  makers  to  operate  against  a  head  of  100  ft, 
and  were  guaranteed  to  operate  at  an  efficiency  of  70  per  cent. 

The  pumps  were  put  into  the  hands  of  a  careful  engineer  eng«{^ 
in  such  tests,  and  th6  efficiency  attained  at  the  head  named  was 
nearly  identical  with  that  given  by  Ur.  Harroun,  34  per  cent.  Tabla 
2  gives  the  results  of  the  tests  by  Ifr.  Benjamin,  of  N'ew  York. 

These  facts  are  mentioned  to  support  the  remark  made  con- 
cerning statements  of  the  efficiencies  attained  by  common,  stage 
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Mr.  Richards,  centrifugal  pumps,  with  their  operating  surfaces  rough,  and  water 
ducts  of  unfinished  castings. 

TABLE  2. — Test  of  2J-Inch  Centrifugal  Pump. 


KeYolutions 

Total 

mmute. 

pressure. 

1690 

81 

1568 

8S 

1666 

86 

1601 

8S.5 

1549 

80 

1660 

89 

1667 

89 

1668 

41 

1668 

42.6 

1610 

45 

GtaUons 

per 
minute. 


204 
188 
146 
118.8 
106.6 
100.0 
88.7 
48.5 
96.1 
0 


Electrical 
horse- 
power. 


11.7 
10.85 
10.78 
9.78 
9.67 
9.64 
9.00 
7.98 
7.6 
7.08 


Water 
horse- 
power. 


8.68 

8.89 

8.06 

2.64 

2.48 

2.87 

1.9 

1.04 

0.645 

0 


Wire 
efficiency. 


81.4 
81.8 
28.6 
86.0 
26.0 
28.6 
21.1 
18.16 
8.6 


Approxi- 
mave  pomp 
efficiency. 


4a2 
408 
87.1 
848 
8ft.S 
81.5 
28.4 
18.1 
11.72 


1198 
1217 


Test  of  2-lNcn  Compound  Centrifugal  Pump, 


61.86 
52.75 


118 
108.8 


18.27 
18.88 


8.84 
8.88 


26.2 
24.9 


81.5 
81.0 


Centrifugal  pumping,  although  only  a  little  more  than  half  a 
century  old,  is  fast  falling  into  a  scientific  form  and  a  standard 
construction,  modified,  of  course,  by  the  circumstances  of  usa 
There  seem  to  be  left,  in  fact,  but  two  constructive  features  and  two 
phenomena  of  operation  with  which  to  deal. 

The  constructive  points  are,  means  to  conserve  the  kinetic 
energy  of  the  water's  revolution,  or  its  tangential  energy,  as  it  is 
sometimes  called;  and  to  produce  an  equilibrium  of  the  impellers  to 
avoid  lateral  thrust. 

The  phenomena  are,  the  effect  produced,  on  a  stream  of  water 
moving  at  high  velocity,  by  roughness  or  irregularity  of  surfaces; 
and  the  kinetic  stability  or  tendency  of  a  body  of  water  in  rapid 
revolution  to  remain  in  one  plane. 

Besides  these  features  and  phenomena  there  are  the  conditions 
of  adaptation  and  endurance,  which,  in  a  sense,  are  determinate^ 
and  are  not  problems,  but  matters  of  skill  and  engineering  knowl- 
edge. 

It  cannot  be  expected,  nor  is  it  possible,  to  discuss  at  present  the 
features  and  phenomena  mentioned,  as  it  would  require  diagrams 
and  other  means  of  illustration  not  at  hand. 

The  writer  constructed  on  the  Pacific  Coast,  and  suooessfuDy 
applied  in  actual  use,  the  first,  stage  centrifugal  pumps,  of  which  he 
has  any  knowledge.    At  his  own  expense,  he  has  made  two  trips  to 
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Europe  especially  to  investigate  the  progress  of  the  art  there;  has  ^'  ^*°»>«^8- 
contributed  a  great  deal  in  effort  and  money  to  improve  centrifugal 
pumpSy  and  thinks  he  may  fairly  claim  to  have  added  something  to 
the  art.    The  emolimients  have  l>een  inconsiderable,  and  he  is  not 
now  engaged  in  or  interested  in  the  manufacture. 

The  practice  on  the  Pacific  Coast,  while  early  and  extensive, 
cannot  at  the  present  time  be  called  advanced.  The  pumps  required, 
being  mainly  for  irrigation  and  rough  uses,  are  good  enough,  per- 
haps. They  are,  to  a  great  extent,  bought  and  used  for  a  few  months 
of  the  year,  and  stand  neglected  for  the  remainder  of  the  time. 
Such  things  are  determined  by  natural  adaptation  and  must  be  so 
judged. 

A  centrifugal  pump,  finished  in  its  operating  zone,  or  provided 
with  dispersion  vanes,  must  cost  at  least  twice  as  much  as  one  with- 
out these  features,  and  the  added  efficiency  may  or  may  not  warrant 
the  more  expensive  construction. 

It  is  strange  that  little  or  no  investigation  of  the  subject  has 
been  made  in  the  numerous  scientific  laboratories  of  our  day.  The 
lateral  thrust  on  impellers  was  the  subject  of  some  very  interesting 
experiments  made  at  the  University  of  California  in  1887  and  pub- 
lished in  a  bulletin  entitled  "A  Hydraulic  Step."  Other  experi- 
ments, so  far  as  known,  have  been  made,  as  in  the  present  case,  merely 
to  determine  the  effect  of  commercial  machines,  and  consequently 
are  of  no  especial  value.  In  other  words,  they  affect  only  a  particu- 
lar construction. 

The  machines  offered  to  the  university  are  of  a  purely  experi- 
mental nature,  admitting  of  a  dozen  or  more  modifications.  They 
are  now  stored  in  San  Anselmo,  waiting  a  time  when  the  writer  can 
make  the  proposed  experiments.  The  machinery  also  includes  ap- 
paratus to  determine  the  practicability  of  combining  air  and  water, 
subjecting  this  combined  fluid  to  centrifugal  force,  and  then  separat- 
ing the  air  at  the  pressure  due  to  the  centrifugal  effect. 

The  importance  of  this  last-named  ox)eration  will  be  at  once  per- 
ceived. The  suggestion  of  such  a  process  came  from  a  well-known 
engineer  of  San  Francisco,  and  the  apparatus  was  constructed 
nearly  two  years  ago,  but  not  set  in  operation  except  to  determine 
its  capacity  for  speed  and  endurance. 

The  apparatus  now  at  the  University  of  California,  together  with 
what  the  writer  proposed  to  furnish,  would  have  constituted  a  very 
extensive  outfit,  and  provided  for  much  useful  investigation. 

This  brief  discussion  will  be  closed  with  a  remark  on  the  "Shib- 
boleth'' of  "efficiency,"  as  applied  to  centrifugal  pimips.  Efficiency 
is  but  one  of  many  conditions  to  be  considered.  Adaptation  and 
endurance  are  equally  essential.  A  centrifugal  pump,  to  operate  at 
a  high  efficiency,  is  necessarily  limited  to  special  purposes.    With 
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Mr.  Richards,  refined  machines,  80%  of  useful  effect  is  attainable,  but  one  that 
will  utilize  60%  of  the  power  applied  is  likely  to  be  the  best  machine 
to  buy.  The  efficiency  attainable  in  various  uses  is  from  40  to  80%, 
being  lowest  in  dredging  machines,  but  the  strange  feature  of  liie 
matter  is  the  constant  inquiry  respecting  efficiency.  A  customer  will 
go  to  a  maker  or  dealer  in  displacement  pumps  and  purchase  one  to 
operate  at  an  efficiency  of  25  to  35%  and  never  make  an  inquiry  or 
ask  a  guaranty  of  effect.  Indeed,  the  word  "efficiency*'  is  not  found 
in  the  trade  circulars  relating  to  direct-acting  piston  pumps.  Then 
why  should  it  be  so  constantly  a  test  for  centrifugal  pumps? 

Prof.  Marx.  C.  D.  Marx^  M.  Am.  Soc.  C.  E.  (by  letter). — This  paper  brings 
out  the  fact  clearly  that  centrifugal  pump  manufacturers  (and,  in 
that  respect,  they  do  not  differ  much  from  other  manufacturers)  are 
in  the  habit  of  gruaranteeing  efficiencies  for  their  pumps  which  they 
cannot  reach  in  an  actual  test.  Sometimes  the  purchaser  is  satis- 
fied  with  the  g^uaranty  and  the  name  of  the  manufacturer,  and  makes 
no  test.  This  method  is  always  very  satisfactory  to  the  manufac- 
turer. Sometimes,  however,  the  purchaser  is  foolish  enough  to 
employ  an  engineer,  who  proceeds  to  find  out  if  he  is  getting,  for  his 
employer,  what  the  manufacturer  has  agreed  to  furnish.  In  many 
cases  there  will  be  disappointment  on  both  sides.  The  manufacturer 
will  find  that,  whether  unintentionally  or  not,  he  has  promised  more 
than  he  can  fulfill;  and  the  purchaser  will  probably  find  himself 
compelled  to  adopt  an  inefficient  plant,  because  of  the  delay  and 
trouble  incident  to  change  from  one  type  of  construction  to  another. 

The  writer  is  not  stating  an  imaginary  case.  A  couple  of  years 
ago,  bids  were  invited  for  the  enlargement  of  a  municipal  water- 
works in.  California.  The  engineer  in  charge  of  construction,  in 
his  call  for  bids  and  in  his  specifications,  merely  stated  the  require- 
ments to  be  filled  and  left  the  individual  bidder  free  to  offer  his 
own  solution  of  the  problem.  Among  other  requirements  was  one 
calling  for  the  pumping  of  from  400  to  800  gal.  per  min.  against  a 
head  ranging  from  116  to  232  ft. 

One  of  the  leading  manufacturers  of  centrifugal  pumps  on  the 
Pacific  Coast  guaranteed  to  furnish  a  single  centrifugal  pump 
capable  of  doing  this  work  with  a  pump  efficiency  of  65  per  cent. 
The  original  contract  for  this  work  specified  one  pump  fitted  with 
two  runners  so  as  to  obtain  two  discharges,  400  and  800  gal.  per  min., 
with  practically  the  same  efficiency.  The  following  is  quoted  from 
the  engineer's  report  to  the  town  officials: 

"The  firm,  however,  was  somewhat  hasty  in  making  this  guaranty, 
for  when  they  came  to  making  the  design  they  found  that  they 
could  not  meet  the  requirements.  In  lieu  of  this  they  offered  to 
supply  us  with  two  pumps,  one  to  operate  between  400  and  600  gal. 
per  min.,  and  one  between  600  and  800  gal.  per  min.,  with  an 
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efficiency  at  the  minimum  and  maximum  ratings  of  65  per  cent.  Prof.  Marx. 
This  construction  would  be  somewhat  more  convenient  to  us,  on 
account  of  making  changes  when  necessary,  and  I  agreed  to  the 
change.  One  of  these  pumps  was  made,  but  when  tested  it  was 
found  to  give  not  more  than  50%  efficiency,  so  that  the  firm  is  now 
fitting  the  pump  with  new  bronze  runners  polished  inside  and  out." 

A  test  of  this  pump  gave  an  efficiency  (ratio  of  water  horse- 
power to  horse-power  delivered  at  the  pump  shaft)  of  62.9%  when 
pumping  603  gal.  per  min.  against  a  total  head  of  110  ft.;  and 
57.3%  efficiency  when  pumping  437  gal.  per  min.  against  a  head  of 
116  ft.  This  same  pump,  pumping  425  gal.  per  min.  against  a  head 
of  220  ft.,  gave  an  efficiency  of  49.4%,  and,  when  delivering  620  gal. 
per  min.  against  a  head  of  217  ft.,  the  efficiency  was  57.5  per  cent. 

As  the  result  of  this  test,  the  manufacturer  submitted  a  supple- 
mental agreement  which  he  wanted  the  town  authorities  to  sign. 
In  this  occur  the  following  phrases: 

"Also  because  the  contractor  found  it  difficult  to  meet  the  con- 
tract efficiency  of  65%  in  a  single  pump  for  the  large  range  of 
capacity  of  400  to  800  gal.  per  min.,  and  also  the  large  range  of 
head,  116  to  232  ft.,  when  making  all  deductions  under  the  rulings 
of  the  engineer  in  charge. 

'Tft  being  further  conceded  by  both  parties  to  this  agreement 
that  it  is  a  difficult  matter  to  make  one  centrifugal  pump  meet 
these  specifications  when  being  driven  by  a  belt  from  a  line  shaft  of 
only  one  speed,  to  wit,  300  rev.  per  min. 

'^ut  at  the  same  time,  both  parties  to  this  contract  believe  that 
a  centrifugal  pump  is  best  adapted  to  this  service  when  the  exact 
quantity  of  water  and  head  to  be  pumped  against  are  fully  deter-' 
mined." 

The  inference,  from  the  last  clause,  naturally  is  that  the  engineer 
did  not  know  the  quantity  of  water  to  be  pumped,  or  the  head. 

Since  both  head  and  quantity  are  likely  to  vary  within  wide 
limits  in  a  municipal  supply,  the  conditions  were  stated  in  the 
specifications.  The  pump  manufacturer  was  familiar  with  them, 
gave  a  guaranty  to  fulfill  them  and  failed  to  do  so. 

Arthur  L.  Adams,  M.  Am.  Soc.  C.  E.  (by  letter). — ^Mr.  Richards,  Mr.  Adams, 
in  his  excellent  discussion  of  Mr.  Harroun's  paper,  questions  the 
value  to  the  profession  of  such  a  test  as  that  described,  because  it 
attempts  no  analysis  of  the  causes  leading  to  the  failure  of  the  unit 
to  attain  a  high  efficiency  or  to  meet  the  requirements  intended  by 
both  its  purchasers  and  manufacturers.  The  writer,  on  the  contrary, 
considers  that  all  such  carefully  conducted  tests  are  of  great  value. 

To  the  mechanical  engineer,  highly  specialized  in  the  design  of 
centrifugal  pumps,  they  contribute  little,  but  to  the  engineer  in 
more  general  lines  of  practice,  who  is  frequently  called  upon  to 
decide  as  to  the  type  of  pump  suited  to  meet  best  the  requirements 
of  conditions  not  often  identical  in  different  cases,  it  is  of  the 
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Bfr.  Adams,  greatest  interest  and  value  to  know  what  degree  of  efficiency  one 
may  reasonably  expect  to  secure  from  the  pimips  of  the  better 
known  manuf acturers,  constructed  with  full  knowledge  of  the  con- 
ditions under  which  they  are  expected  to  work. 

Exact  information  of  the  character  set  forth  in  the  paper  is  the 
more  desirable: 

First — ^Because  of  the  broad  claims  of  high  efficiency — 70  to 
80%  for  the  pimip  alone — ^which  are  put  forth  by  the  manufacturers 
of  San  Francisco; 

Second. — ^Because  but  a  small  proportion  of  installations  are  ever 
actually  tested  after  their  completion,  and  very  few  reliably  con- 
ducted tests  are  of  record; 

Third, — ^Because  it  is  a  fact,  known  to  many  engineers  coming 
into  contact  with  such  installations  in  Oalifomia,  of  which  there 
are  a  great  many,  that  it  is  most  exceptional  for  efficiencies  ap- 
proaching the  before-mentioned  claims  of  the  manufacturers  to  be 
attained  under  ordinarily  good  working  conditions. 

The  centrifugal  pimip  is  splendidly  adapted  to  meeting  require- 
ments in  certain  fields  of  service.  Those  fields  are  doubtless  being 
extended  legitimately  in  some  quarters,  under  the  skilful  designing 
of  the  best  specialists,  but  the  state  of  the  art  in  California,  as  it  is 
being  applied  in  the  manufacture  of  these  pumps,  is  a  question  of 
great  importance,  that  engineers  may  be  able  to  restrict  their  use 
to  the  province  of  their  real  merit;  and  concerning  this  the  paper 
adds  to  our  knowledge. 

Prof.  LeConte.  JosEPH  N.  Le  Conte,  Esq.  (by  letter). — ^In  reference  to  Mr. 
Richards'  communication  to  the  University  of  California,  the  writer 
desires  to  state  that,  to  the  best  of  his  knowledge,  such  a  letter  was 
never  received  by  any  one  now  connected  with  the  university-  If 
such  an  offer  were  made,  the  apparatus  would  be  gladly  received, 
and  any  tests  that  Mr.  Richards  might  desire  would  be  made.  The 
Department  of  Hydraulics  is  always  most  gn^ateful  for  any  additions 
to  the  laboratory,  and  there  is  no  doubt  whatever  that  the  experi- 
ments mentioned  can  be  made,  as  the  results  of  the  tests  on  Pelton 
wheels  will  show. 
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The  extensive  use  of  reinforced  concrete  during  the  past  few 
years  has  resulted  in  the  evolution  of  many  formulas  for  the  design 
of  the  various  members  of  a  structure,  but  more  especially  those 
subjected  to  transverse  stress.  Many  of  these  formulas  are  purely 
empirical,  while  others  are  based  on  a  more  or  less  rational  theory. 
The  latter,  almost  without  exception,  are  closely  assimilated  to 
those  applicable  to  beams  of  continuous  and  homogeneous  structure. 
The  empirical  formulas  are  generally  based  on  one  or  more  mani- 
festly incorrect  assumptions,  but  are  quite  simple  in  form  and  appli- 
cation, and  they  contain  constants  which,  in  large  measure,  correct 
the  inaccuracy  due  to  the  fundamental  assumptions.  Cases  are  not 
lacking,  however,  in  which  such  formulas,  in  the  hands  of  any  but 
experienced  designers,  might  lead  to  dangerous  results.  The  more 
rational  formulas  are  usually  somewhat  complicated  in  form;  while 

NoTB. — ^Theee  papers  are  Issued  before  the  date  set  for  presentation  and  dis- 
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finally  closed,  the  papers,  with  discussion  in  full,  will  be  published  in  Transactions, 
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this  complication  is  more  apparent  than  real,  these  formulas  are 
more  or  less  forbidding  at  first  sight,  and  they  give  to  the  uniniti- 
ated an  impression  of  extreme  accuracy^  not  at  all  justified  by  the 
nature  of  the  materials  and  the  form  in  which  they  are  combined. 

It  seems  to  the  writer  that  formulas  combining  the  simplicity  of 
the  purely  empirical  ones — such  as  those  used  by  the  engineers  of 
the  Hennebique  systems — ^with  all  the  accuracy  attainable  by  the 
more  rational  ones,  are  easily  within  reach.  To  present  such  for- 
mulas, with  methods  of  applying  them  to  designs  of  minimum  oost, 
and  to  emphasize  the  value  of  certain  little  used  features  of  design, 
from  a  fire-resisting,  and  therefore  really  economical  point  of  view, 
are  the  main  objects  of  this  paper.  Most  of  the  opinions,  sugges- 
tions, and  conclusions  which  follow,  were  more  or  less  clearly  ex- 
pressed in  the  paper  submitted  by  the  writer  to  the  International 
Engineering  Congress,  at  St.  Louis,  and  in  his  part  in  the  subse- 
quent discussions  on  "Concrete  and  Concrete-Steel.''*  Subsequ^it 
study  and  experience  having  strengthened  the  writer's  opinions 
along  certain  lines  there  indicated,  they  are  here  presented  in  fuller 
form,  in  the  hope  that  they  may  bring  forth  a  discussion  which  will 
at  least  assist  in  clearing  up  some  obscure  points. 

In  the  design  of  rolled  steel  beams,  quite  accurate  formulas 
based  on  the  theories  of  elasticity  and  flexure  are  used,  and  the 
conditions  fully  justify  it;  but  in  the  design  of  a  plate  girder,  the 
lack  of  homogeneity,  due  to  assembling  with  rivets,  has  led  to  a 
much  simpler  procedure — it  is  a  question  of  simple  shear  in  the 
web,  and  of  the  statical  moment  of  the  flange  areas  multiplied  by 
»n  average  unit  stress.  Unless  the  deflection  is  of  importance,  the 
elasticity  of  the  material  does  not  enter  into  ordinary  computations 
at  all.  It  would  seem  that  equally  simple  methods  could  be  applied 
to  the  design  and  analysis  of  reinforced  concrete  beams,  girders, 
and  floor  slabs,  without  sacrificing  any  attainable  accuracy;  not  only 
would  this  make  a  given  computation  more  simple,  but  it  would 
lead  to  certain  principles  of  economical  design,  which  would  render 
unnecessary  any  preliminary  trial  designs,  which  are  otherwise 
desirable  for  the  sake  of  economy,  where  the  conditions  do  not  fix 
dimensions  regardless  of  such  considerations. 

Several  engineers  have  proposed  formulas  in  which  the  resisting 
moment  of  a  reinforced  concrete  beam  is  expressed  as  the  integrated 
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moment  of  the  compressive  stresses  in  the  concrete  about  an  axis 
passing  through  the  steel  reinforcement.  In  some  of  these  the  lever 
arm  was  assumed  as  a  constant  percentage  of  the  depth  of  the  steel 
below  the  upper  surface  of  the  beam;  in  others  it  was  a  variable, 
depending  upon  the  elastic  properties  of  the  materials,  and  their 
respective  working  stresses.  Other  engineers  have  proposed  for- 
mulas in  which  the  resisting  moment  of  the  beam  is  expressed  as  the 
moment  of  the  total  stress  in  the  steel  about  an  axis  passing  through 
the  centroid  of  the  stresses  in  the  concrete,  or  a  point  approximat- 
ing this  in  position.  In  some  of  these,  the  lever  arm  is  variable, 
in  which  case  the  centroid  is  accurately  located  for  some  assumed 
form  of  stress-strain  curve;  in  others,  it  is  assumed  as  a  constant 
percentage  of  the  depth  of  the  steel  below  the  upper  surface,  in 
which  case  the  center  of  moments  does  not,  in  general,  coincide 
exactly  with  the  actual  centroid. 

The  writer  proposes  a  formula  of  the  last  mentioned  type,  in 
which  the  lever  arm  is  a  constant  percentage  of  the  d^th,  so  that,  if 

A  =  the  total  sectional  area  of  steel, 
(I  =  the  depth  of  the  center  of  gravity  of  the  steel  below  the 

upper  surface, 
/i  =  a  constant, 

T  =  the  unit  stress  in  the  steel  (assumed  to  be  uniform  over  the 
cross-section),  and 

M  =  the  resisting  moment  of  the  beam, 

then  M=hdAT (0) 

In  any  formula  of  this  type,  A  must  be  expressed  as  some  frac- 
tion of  the  area  of  concrete,  or  some  other  means  must  be  adopted 
tc  avoid  an  excessive  proportion  of  steel.  It  is  one  of  the  merits  of 
the  more  complicated  theoretical  formulas  that  they  contain  the 
unit  stresses  in  both  the  concrete  and  the  steel,  and  thus  automatic- 
ally regulate  the  percentage  of  steel.  But  these  unit  stresses  are 
deduced  mainly  from  experiments  on  small  and  isolated  specimens 
of  the  two  materials.  Physical  properties  deduced  from  the  results 
of  such  tests  can  undoubtedly  be  used  as  a  guide  to  safe  designs; 
but  the  writer  believes  that  more  accurate,  and  therefore  safer  and 
more  economical,  results  could  be  secured  by  numerous  tests  on 
beams  made  up  with  varying  qualities  of  concrete  and  varying  per- 
centages of  steel,  with  a  view  to  determining  the  value  of  the  con- 
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stant,  h,  in  Equation  0,  and  of  the  maximum  allowable  values  of  A, 
in  terms  of  the  area  of  concrete,  for  various  grades  of  concrete  and 
steel.  Prom  the  results  of  such  experiments,  a  table  of  values  could 
be  formed,  which,  used  in  connection  with  Equation  0,  would 
greatly  simplify  the  work  of  design,  without  the  sacrifice  of  any 
degree  of  accuracy  attainable  by  the  use  of  the 'more  complicated 
formulas. 

In  the  absence  of  such  experiments,  however,  good  working 
values  for  h,  and  for  the  allowable  percentage  of  steel,  can  be  de- 
duced from  the  more  complicated  formulas.  Some  discussion  of 
these  formulas  is  essential  to  the  objects  of  this  paper,  and  as  this 
extends  to  the  method  by  which  they  are  deduced,  this  deduction, 
with  some  modifications,  is  repeated  herein  from  the  writers  paper 
presented  before  the  International  Engineering  Congress  of  1904. 

The  point  of  first  importance,  in  this  connection,  is  the  form  of 
the  stress-strain  curve  of  concrete,  in  compression.  This  has  been 
assumed  to  be  a  right  line,  a  parabola,  or  an  empirical  curve.  So 
many  tests  of  concrete  in  compression  are  available  that  the  writer 
prefers  to  assume  an  empirical  curve,  determined  from  the  average 
results  of  many  tests.  Among  recorded  tests,  probably  none  are 
more  accurate  than  those  reported  in  "Tests  of  Metals,  etc.,"  at  the 
Watertown  Arsenal,  for  various  years.  The  writer  has  spent  a  good 
deal  of  time  in  studying  these  tests,  beginning  with  those  in  tfa6 
report  of  1898.  Several  conclusions  seem  to  be  warranted,  as 
follows : 

1. — The  modulus  of  elasticity  of  concrete — or  at  least  its  resist- 
ance to  deformation — increases  somewhat  with  the  ultimate  strength. 
2. — ^The  modulus  of  elasticity — or  the  resistance  to  deformation 
— ^increases  quite  rapidly  with  the  richness  of  the  mixture. 

3. — The  stress-strain  curve  for  very  rich  mixtures,  especially 
rich  mortars,  does  not  differ  much  from  a  right  line;  but  for  leaner 
mixtures,  including  all  those  commonly  used  in  practice,  it  differs 
very  materially  from  a  right  line. 

4. — In  combining  the  results  of  many  tests,  in  order  to  determine 
the  average  or  true  form  of  the  stress-strain  curve,  it  is  necessary 
to  combine  tests  in  which  the  ultimate  strength  is  about  the  same. 

Most  of  the  writer's  studies  and  combinations  were  in  connec- 
tion with  the  tests  of  1898  and  1899,  in  which  the  gauged  length  of 
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the  specimen,  as  a  rule,  was  only  5  in.;  but  other  tests,  iii  which  a 
greater  gauged  length  was  used,  up  to  50  iii.,  recorded  in  later 
reports,  including  that  of  1904,  only  confirm  the  conclusions  de- 
duced from  the  earlier  tests,  when  the  richness  of  the  mixture,  the 
ultimate  strength,  etc.,  are  all  considered. 

In  deducing  the  constants  which  will  hereafter  be  used  in  this 
paper,  seventy-seven  apparently  normal  tests  from  the  reports  of 
1898  and  1899  were  selected.  Failure  occurred  in  all  these  at  from 
2  500  to  3  500  lb.  per  sq.  in.  The  tests  were  first  grouped  according 
to  ultimate  strength,  and  these  groups  were  sub-divided  according 
to  the  age  and  composition  of  the  concrete.  Altogether,  twelve 
groups  were  thus  obtained ;  the  elastic  compression,  as  deduced  from 
the  record — i.  e.,  the  total  deformation  less  the  set — ^was  taken  as 
the  observed  quantity  in  each  case.  The  arithmetical  means  of  the 
observed  quantities  were  taken  for  each  group ;  with  these  as  one  set 
of  ordinat^s,  and  the  applied  loads,  in  pounds  per  square  inch,  as 
the  other  set,  a  curve  was  plotted  for  each  of  the  twelve  groups  of 
tests.  All  twelve  curves  differed  appreciably  from  a  right  line, 
indicating  a  rather  rapidly  decreasing  modulus  of  elasticity  under 
increasing  loads.  The  area  enclosed  by  the  curves  and  the  axes  of 
co-ordinates  was  from  one-fifth  to  one-fourth  greater  than  that  in- 
cluded between  the  same  axes  and  a  right  line  passing  through  the 
initial  and  final  points  of  the  curves. 

With  a  stress-strain  curve  of  this  sort,  it  seems  better  and  more 
accurate,  in  deducing  formulas  for  the  design  of  reinforced  concrete 
beams,  to  assume  a  certain  definite  percentage  of  the  ultimate 
strength  of  the  concrete  as  the  maximum  stress  to  be  reached  when 
the  stress  in  the  steel  is  at  some  critical  point  such  as  the  elastic 
limit.  In  designing,  it  is  only  necessary  to  multiply  the  working 
load  by  the  desired  factor  of  safety,  based  on  the  elastic  limit  of 
the  steel,  and  then  determine  the  section  so  that,  under  the  multi- 
plied load,  the  assumed  maximum  stresses  shall  not  be  exceeded. 
The  actual  working  stress  in  the  concrete  would  seem  to  be  of  sec- 
ondary importance,  as  long  as  the  factor  of  safety  is  assured.  De- 
signing for  working  stresses  is  accurate  only  where  the  modulus  of 
elasticity  is  constant — under  such  circumstances,  the  result  is  the 
same  as  by  the  method  of  multiplied  loads.  In  all  other  cases,  the 
writer  thinks  the  latter  method  is  to  be  preferred. 
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It  has  been  not  unoommon  to  assume  the  elastic  limit  of  the 
steel  and  the  ultimitte  stren^^  of  the,  concrete  as  the  correspond- 
ing maximum  stresses.  This  practically  assumes  that  failure  by 
rupture  or  collapse  will  result  when  the  stress  in  the  steel  reaches 
the  elastic  limit,  no  matter  what  the  stress  in  the  concrete  may  be. 
"No  doubt  this  assumption  is  quite  correct  for  most  methods  of  rein- 
forcement. It  probably  leaves  some  margin  of  safety  in  the  con- 
crete, for  it  seems  probable  that,  under  the  conditions  existing  in 
practice,  the  compressive  modulus  of  rupture  of  the  reinforced 
concrete  is  somewhat  greater  than  the  ultimate  strength  of  plain 
concrete  in  direct  compression. 

The  writer,  however,  believes  that  it  is  possible  to  design  the 
reinforcement  so  that  total  failure  need  not  occur  when  the  stress 
in  the  steel  reaches  the  elastic  limit;  of  course,  permanent  deforma- 
tion, necessitating  ultimate  renewal,  will  undoubtedly  occur,  just 
as  in  the  case  of  a  rolled  beam  in  which  the  stress  exceeds  the 
clastic  limit ;  but  there  is  no  apparent  reason  why  total  collapse 
should  follow,  in  either  case,  if  the  concrete  is  completely  reinforced. 
For  this  reason,  it  seems  better  to  take  a  conservative  figure — say 
80%  of  the  ultimate  strength — as  the  maximum  stress  in  the  con- 
crete when  that  in  the  steel  reaches  the  elastic  limit.  All  the  deduc- 
tions which  follow  are  based  on  this  assumption. 

After  plotting  the  twelve  curves  referred  to,  the  writer  measured 
the  area  enclosed  by  the  axes  of  co-ordinates  and  that  part  of  each 
curve  included  between  the  initial  point  and  the  point  correspond- 
ing to  80%  of  the  ultimate  strength.  The  results  were  quite  inter- 
esting; the  areas  varied  from  55.2%  of  the  rectangle  enclosed  by 
the  axes  and  the  co-ordinates  of  the  80%  point,  to  60.3%  of  the 
same  rectangle,  the  average  of  seventy-seven  tests  being  57.2  per 
cent.  It  seems  justifiable,  therefore,  to  assume  0.57  as  the  area 
factor  for  the  80%  portion  of  the  stress-strain  curve  of  concrete  in 
compression.  Several  approximate  but  fairly  accurate  determina- 
tions indicated  that  the  center  of  gravity  of  the  above  area  could  be 
assumed  at  a  distance  equal  to  64%  of  the  80%  ordinate,  above  the 
rxis  of  stress,  t.  e.,  the  axis  corresponding  to  the  neutral  axis  in  an 
actual  beam.  With  these  quantities  determined,  it  is  possible  to 
deduce  actual  working  formulas.  It  is  assumed  that  the  beam  is 
horizontal,  and  the  applied  forces  vertical;  that,  within  the  elastic 
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limit  of  the  steely  sections  plane  before  deflection  remain  plane 
after  deflection;  that  there  is  such  a  union  of  steel  and  concrete  as 
to  make  them  act  together;  that  there  are  no  initial  strains,  and 
that  the  steel  takes  all  the  tensile  stress,  the  tensile  strength  of  the 
concrete  being  neglected. 

Let  Eg   represent  the  modulus  of  elasticity  of  steel, 
E^,  the  modulus  of  elasticity  of  concrete, 
T,   the  unit  tensile  stress  in  the  steel, 
tg,    the  elastic  limit  of  steel, 
F^  the  unit  compressive  stress  in  the  concrete, 
/^,    the  ultimate  strength  of  concrete  in  compression;  all  in 
pounds  per  square  inch. 


U — ^6-'-** 


U/-L--L^-^ 


Steel 


\s 


O 


FlO.  1. 


Referring  to  Fig.  1: 

Let  b        represent  the  width  of  a  rectangular  beam  or  of  a  part  of 
a  floor  slab,  in  inches, 
a,      the  sectional  area  of  steel  per  inch  of  width, 
a  &,    the  total  sectional  area  of  steel  in  the  width,  &, 


^1 


2^21 


^P 


'a' 


the  distance  of  the  neutral  axis  from  the  extreme  element 

in  compression, 
the  distance  of  the  neutral  axis  from  the  axis  of  the  steel 

reinforcement, 
the  compression  per  unit  of  length  in  the  extreme  upper 

element  of  concrete, 
the  elongation  per  unit  of  length  in  the  steel  (assumed 

as  uniform,  and  the  same  as  that  at  the  axis  of  the 

steel,  since  the  cross-section  of  the  bars  is  relatively 

small), 
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d,      the  distance  from  the  extreme  element  in  compression  to 
the  axis  of  the  steel, 

n  2^1,  the  distance  from  the  centroid  of  the  compressive  stresses 
to  the  neutral  axis, 

h  d,   the  lever  arm  of  the  stresses  in  the  steel  about  the  cen- 
troid of  the  compressive  stresses,  and 

^  B,  the  stress-strain  curve  of  concrete  in  compression,  such 
that  when  Fy  for  the  extreme  element  in  compression, 
is  equal  to  0.8^,  ny^  =  0.64  yp  and  the  area,  ABC 
=  0.67  Fy^  =  0.466/.  y,. 
The  following  equations  are  easily  deduced:  ■ 

.Vi  +  ^2  =  ^ (1) 

i«_  =  A;  Aj  =  -f,  and  A,  =  -5  • 

Therefore,       |l  =  J|?,  and  y,  =  ^p  y, (2) 

IfJP=0.8/,whenT=«„y2  =  -A^--  y, (3) 

Equation  2  applies  as  long  as  T  does  not  exceed  t^;  but  the  values 
of  F  and  E^  must  always  be  those  that  correspond  to  each  other. 

Assuming  F  =  0.8  /^  and  T  =  t,,  the  conditions  of  equilibrium 
give, 

0.456  ft/e  yi  =  a  6  «, (4) 

If  M  represents  the  moment  due  to  the  applied  forces, 

3f=0.466X0.646/.yi»  +  a6<,y,  =  0.292  6/,yi«  +  a6<,y, (5) 

It  is  really  not  a  very  complicated  operation  to  use  the  above 
equations  for  designing.  They  are  based  on  the  assumption  that  both 
materials  are  to  be  worked  up  to  the  limit  of  safety.  It  is  only  neces- 
sary to  substitute  proper  values  of  y^,  t^,  E^  and  E^,  depending  upon 
the  materials  used,  and  the  value  of  3f  determined  from  the  con- 
ditions of  loading.  In  determining  M,  the  working  load  should  be 
multiplied  by  the  factor  of  safety. 

Testing  a  given  design,  however,  not  made  in  accordance  with 
the  assumptions  underlying  the  above  formulas,  is  not  so  simple. 
Probably  several  approximations,  involving  a  knowledge  of  the 
complete  form  of  the  stress-strain  curve,  and  changes  in  the  con- 
stants of  the  formulas,  would  be  required  to  give  reliable  results. 
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Consideration  of  the  £gure  and  the  equations  will  show  that  the 
ooefficient,  h,  of  the  lever  arm,  h  d,  does  not  vary  a  great  deal  for 
widely  varying  stresses  in  the  steel  and  the  concrete,  nor  for  widely 
varying  positions  of  the  neutral  axis.  It  will  he  less  under  heavy 
stresses,  as  when  the  stress  in  the  steel  is  at  the  elastic  limit,  than 
under  ordinary  working  stresses.  As  a  matter  of  safety,  therefore, 
if  it  is  to  he  used  as  a  constant,  its  value  should  he  determined  for 
the  greater  stresses. 

Assuming  that  ^  is  a  constant,  the  value  of  which  is  to  he  deter- 
mined from  conditions  existing  when  the  stress  in  the  steel  is  at  the 
elastic  limit — i.  e.,  when  T=  i,,  it  is  possible  to  write  the  equation, 

M=  hdaht, (6) 

which  is  the  same  in  form  as  that  proposed  in  the  earlier  part  of  this 
paper.     (Equation  0.) 

To  show  the  variation  in  the  values  of  h,  the  following  results,  de- 
duced from  Equations  1  to  5,  are  submitted,  J^  being  assumed  at 


2  500,  and  J  at  1: 

'lft.= 

36  000  lb. 

per  sq 

.  in. 

h  -  0.834 

Ift,= 

40  000  " 

h  =  0.846 

If«.= 

45  000  " 

h  -  0.856 

If«.- 

50  000.  '' 

h  =  0.865 

If«,= 

55  000  " 

h  =  0.873 

If«,= 

60  000  " 

h  =  0.880 

Ift.  = 

100  000  '' 

h  =  0.920 

Of  the  various  forms  that  have  been  assumed  for  the  stress-strain 

curve,  the  right  line  will  give  the  greatest  value  of  h,  and  a  parabola 

with  its  vertex  on  the  neutral  axis  wiU  give  the  least.    Taking  an 

average  case   from  those  given  above,  as  for  t^  =  45  000  lb.  per 

E 
sq.  iu.  (/^  and  ^  remaining  the  same)  gives: 

^» 

For  the  right  line,  h  =  0.865 

"      "  parabola,   h  =  0.84 

It  would  seem  justifiable,  from  the  above  values,  to  assume  a 
constant  value  of  0.85  for  h,  under  all  conditions. 

Equfition  6  can  be  used  just  as  well  for  working  stresses  as  for 
maximum  stresses,  by  substituting  T  for  t^. 


634 


REINFORCED  CONCRETE  FLOOR  SYSTEMS. 


[Papers. 


In  order  to  complete  Equation  6,  a  &  must  be  expressed  in 
of  h  d,  or,  what  is  the  same  thing,  a  must  be  expressed  in  terms  of  d, 
to  insure  the  use  of  the  correct  proportion  of  steel.  The  writer 
thinks  that  the  maximum  allowable  percentage  of  reinforcement^ 
for  various  qualities  of  steel  and  of  concrete,  would  best  be  deter- 
mined by  direct  tests.  It  is  certain  that  it  can  never  be  econ<HnicaI 
to  use  enough  steel  to  cause  the  beam  to  fail  first  by  crushing  the 
concrete;  it  may  be  economical  to  use  much  less;  so  that  the  maxi- 
mum allowable  percentage  of  steel  for  each  grade  of  concrete  is  an 
important  figure  to  determine,  and  it  should  be  determined  as  accu- 
rately as  possible,  by  experiments  devised  with  that  end  in  view. 

In  the  absence  of  better  sources  of  information,  this  percentage 
can  be  determined  from  formulas  such  as  Equations  1  to  5.  Mak- 
ing the  same  assumptions  as  for  the  value  of  h,  these  formulas  give 
the  following  results: 

When  t^  =    35  000,    ?-  =  0.015,      whence  a  =  0.015  d. 

(Jb 


a 


t,  =    40  000,  -^  =  0.0122, 


a 


L  =    45  000,  ->-  =  0.0101 , 
'  d 


i,  =    50  000, 
t,  =    55  000, 


a 


d 

a 
d 

a 


-  =  0.00855, 
=  0.00731 , 


t,  =    60  000,  -^  =  0.00633, 

L  =  100  000,  -^-  =  0.00263, 

a 


(( 


u 


(( 


(( 


u 


u 


a  =  0.0122  d. 
o  =  0.0101  d. 
a  =  0.00855  d. 
a  =  0.00731  d. 
a  =  0.00633  d. 
a  =  0.00263  d. 


Other  assumptions  as  to  the  form  of  the  stress-strain  curve  would 

a 


result,  of  course,  in  different  values  of 


d 


Thus,  for  the  assumption 


a 


of  a  right  line,  when  «,  =  45  000,    J    =  0.0089,  whence  a  =  0.0089 d. 


a 


For  the   assumption  of  a  parabola,   when  t^   =   45  000,    j-  = 

0.0118,  whence  a  =  0.0118  d. 

It  will  readily  be  seen  from  the  above  that  the  difFerent  assump- 
tions as  to  the  form  of  the  stress-strain  curve  will  give  different 
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depths  for  a  beam  of  giyen  width,  to  develop  a  given  resisting 
moment.  The  writer  thinks  the  right  line  gives  beams  heavier  than 
necessary,  and  that  the  parabola  rather  inclines  to  the  opposite 
extreme.  Thus,  if  the  desired  resisting  moment  per  inch  of  width 
is  25  000  inch-pounds,  if  t,  =■  45  000,  and  other  constants  are  as 
assumed  above,  the  right  line  would  give  d  =■  8.5  in.,  the  writer's 
assumption  would  give  d  =  S  in.,  and  the  parabola  would  give  d  = 
7.5  in. 

It  may  be  objected  that  the  approximations  introduced  in  a 
formula,  such  as  Equation  6,  make  it  less  accurate  than  Equations 
1  to  5,  or  others  of  the  same  form  deduced  from  other  assimiptions 
as  to  the  stress-strain  curve;  but  a  careful  examination  of  the  quan- 
tities entering  Equations  1  to  5,  and  the  method  of  determining 
their  values,  will  soon  disclose  sources  of  error  much  greater  than 
any  of  the  approximations  introduced  into  Equation  6.  Thus,  it 
requires  but  the  plotting  of  a  few  stress-strain  curves,  from  tests  of 
such  concrete  as  is  actually  used  in  practice,  to  demonstrate  that, 
whatever  else  they  are,  they  are  neither  right  lines,  nor  very  close 
approximations  thereto.  Whether  the  assumption  of  a  parabola,  or 
the  assumptions  made  by  the  writer,  are  much  nearer  the  truth,  is 
not  a  matter  of  much  consequence,  when  a  little  consideration  is 
given  to  the  quantity,  E  .  This,  in  the  writer's  deductions,  and  all 
similar  ones  that  he  has  seen,  is  called  the  '^modulus  of  elasticity  of 
'concrete;"  but,  as  pointed  out  by  W.  K.  Hatt,  Assoc.  M.  Am.  Soc. 
C.  E.,  in  the  discussion  of  the  writer's  paper  presented  at  St.  Louis, 
and  previously  referred  to,  before  using  this  term,  it  ought  to  be 
defined.  As  used  in  Equations  1  to  5,  it  is  undoubtedly  a  quantity 
proportional  to  the  tangent  of  the  angle,  B  A  C,  in  Fig.  1 ;  but  it  is 
doubtful  whether  it  is  fair  to  call  this  a  modulus  of  elasticity,  in 
the  same  sense  as  that  term  is  used  when  applied  to  materials 
having  a  well-defined  elastic  limit.  It  has  become  customary  to 
determine,  from  tests  of  concrete,  the  value  of  Ec  from  say  0  to  600 
lb.  per  sq.  in.;  from  600  to  1 000;  from  1  000  to  1  500,  and  so  on. 
Such  a  value  of  E  is  proportional  to  the  tangent  of  the  angle  made 
by  a  certain  chord  of  the  curve,  A  B,  with  the  axis,  A  C,  It  would 
certainly  not  be  correct  to  use  it  in  formulas  such  as  Equations  1 
to  5,  unless  the  design  is  based  on  working  stresses,  and  the  value 
of  Ec   is  determined  simply  between  0  and  the  working  stress.  Prob- 
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ably  a  more  strictly  accurate  value  of  E^  would  be  proportional  to 
the  tangent  of  the  angle  made  by  the  curve  itself  with  the  axis,  A  C. 
This,  however,  would  not  be  properly  applicable  in  any  formulas 
the  writer  has  seen,  up  to  the  present  time;  but,  asuming  that 
<^<.  shall  be,  as  in  Equations  1  to  5,  proportional  to  the  tangent  of 
the  angle,  B  A  C,  it  will  soon  be  found  that  it  will  vary  within  such 
wide  limits  that  an  average  value  assumed  in  calculations  may 
easily  vary  from  the  actual  value  by  at  least  as  much  as  25  per  c^it. 
This  would  introduce  a  very  material  error  in  both  the  i)ercentage 
of  reinforcement  and  the  probable  maximum  stresses  in  the  con- 
crete. Therefore  it  seems  justifiable  to  assume  that  a  formula  such 
ac  Equation  6  can  be  made  just  as  accurate  as  any  of  the  forms  of 
Equations  1  to  5,  especially  if  its  constants  be  determined  from 
tests  designed  with  that  end  in  view. 

There  are  other  advantages  in  the  form  of  Equation  6,  how- 
ever, besides  the  most  apparent  one,  of  simplicity.  If  the  maximum 
allowable  percentage  of  steel  is  correctly  determined  for  the  quali- 
ties of  steel  and  concrete  it  is  proposed  to  use  in  each  case.  Equa- 
tion 6  will  give  a  design  in  which  both  materials  are  worked  to  the 
safe  limit;  this  design,  from  the  standpoint  of  efficient  use  of  mate- 
rial, will  be  the  most  economical  If  the  constants  entering  Equa- 
tions 1  to  5  are  correctly  determined,  they  will  give  similar  results. 
This  kind  of  economy,  however,  is  not  necessarily  equivalent  to 
minimum  first  cost,  in  dollars  and  cents.  With  Equations  1  to  5- 
several  tentative  designs,  with  estimates  of  cost,  would  be  required 
to  determine  the  one  of  minimum  cost.  This  results  from  the  fact 
that  the  ratio  of  cost  of  steel  per  cubic  foot  to  the  cost  of  concrete 
per  cubic  foot  is  entirely  independent  of  the  ratio  between  the 
maximum  allowable  stresses  of  the  two  materials.  It  is  desirable 
to  express  the  cost  in  terms  of  the  first-named  ratio,  and  then  to 
apply  the  principles  of  maxima  and  minima,  if  possible,  so  as  to 
disclose  at  once  the  conditions  leading  to  ^minimum  cost  With 
Equations  1  to  5,  this  cannot  be  done,  because,  as  soon  as  the  mate- 
rials are  selected,  their  physical  qualities  fix  the  percentage  of  steel, 
which  is  a  constant  from  that  moment.  Thus,  from  Equation  3  it 
is  seen  that  the  coefficient  of  y^  is  made  up  of  quantities,  all  of 
which  are  physical  constants,  peculiar  to  the  materials.  Therefore, 
as  soon  as  the  materials  are  selected,  the  ratio  of  3/^  to  y^  i^  &  con- 
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stant,  whence  the  ratio  of  2/^  to  e2  is  a  constant.  -  From  Equation  4, 

ir  is  seen  that  —  becomes  a  constant,  as  soon  as  the  physical  con- 

a 
stants  are  determined,  therefore,  j  ,  or  the  proportion  of  steel,  is  also 

a  constant,  under  the  same  conditions. 

Now  assume  a  beam  of  unit  width,  for  simplicity;  let  the  moment 
of  the  applied  loads  for  a  beam  of  unit  width  be  represented  by  m. 
Making  the  necessary  substitutions  in  Equation  6,  it  becomes, 

m  =  hd  a  t^., (7) 

«=m. («> 

in  which  a  and  d  are  the  variables,  since  m  is  constant  for  any  g^ven 
case. 

The  cost  of  a  concrete  beam  may  be  subdivided  into: 

(1)  The  cost  of  centering, 

(2)  the  cost  of  the  concrete  below  the  steel, 

(3)  the  cost  of  the  concrete  above  the  steel,  and 

(4)  the  cost  of  the  steel  itself. 

(1)  and  (2)  are  fixed  by  the  conditions  of  each  case,  and  would 

not  vary  appreciably  for  variations  in   ,;  they  may,  therefore,  be 

treated  as  constants.  The  variable  part  of  the  cost  then  lies  in 
(3)  and  (4).  The  cost  of  the  steel  is  proportional  to  a,  and  that  of 
the  concrete  to  d. 

Cost  of  steel  per  cubic  foot 

Let  p  represent  the  ratio:  js — z— ^ 1 r^s — i* 

^      '^  Cost  of  concrete  per  cubic  foot 

Let  a;  represent  a  quantity  proportional  to  the  sum  of  the  costs  of 

the  variable  elements,  so  that 

X  =  p  a  +  d (9) 

Substitute  for  a  its  value  from  Equation  8,  and  there  results, 

p  m 

''=h-ird+^ (i<>> 

whence, 

ht^dx  =  pm-{-kt^d^ (11) 

Differentiating, 

ht^(ddx  +  icS  d)  =  2ht^dS  d (12) 

Whence,  .^-5  _  ^  ^  ~"  ^ (13) 

'  6d~        d  ^  ^ 
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For  a  minimum,  ^|  =  q,  whence 

2<Z  — sc  =  0,  or,  a  =  2d (14) 

It  is,  therefore,  a  condition  of  minimum  cost,  that  the  total  vari- 
able cost  shall  be  twice  that  of  the  variable  concrete,  or,  in  other 
words,  the  cost  of  the  steel  and  the  cost  of  the  variable  part  of  the 
concrete  must  be  equal. 

Substitute  2  d  for  x,  in  Equation  9,  and  there  results, 

«  =  | <^^> 

i.  e.,  for  minimum  cost,  the  area  of  steel  must  be  equal  to  the  area 

of  concrete  above  it,  divided  by  the  quantity,  p. 

If  I  be  the  span  of  the  beam,  in  inches,  and  w  the  total  load  per 

w  ? 
linear  inch,  in  pounds,  m  =  -g-* 

d 
Substitute  this  value  of  w,  and  the  value,   -,  for  a,  in  Equation  7, 

and  there  results, 

"^    ^^Jll (10) 

8      ~      p  ,  ^     ^ 

whence,  (?  =  kTT ^^"^ 

In  the  above  demonstration,  m,  the  total  moment,  has  been  as- 
sumed as  constant.  As  a  matter  of  fact,  the  dead  load  varies  with 
both  a  and  d.  The  variation  due  to  variations  in  a  is  very  small, 
and  can  be  neglected;  that  due  to  variations  in  c2*is  not  negligible, 
however,  and  if  it  is  desired  to  provide  an  absolutely  constant  live- 
load  capacity,  the  total  moment  must  be  expressed  in  terms  of  d  as 
a  variable.  The  weight  of  the  concrete  below  the  steel  must  be  in- 
cluded as  part  of  the  constant  live  load,  in  this  case. 

Let  w*  represent  the  weight  of  concrete,  in  pounds  per  cubic  inch, 

"   M^  represent  the  total  bending  moment  on  a  beam  of  unit 

width, 
''   w  represent  the  constant  live  load,  per  linear  inch, 
"   m  represent  the  moment  due  to  the  constant  live  load, 
**   m*  represent  the  moment  due  to  the  variable  dead  load. 

M^  m  +  m'  =  -g-  H g- (l**^) 


^-  ht^'^d  ^  Sht^d'^  S'ht^d   ^  ^^ 
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Ml  wP  w'  dp 

«  =  A  ' 

Whence, 

^=d+p«  =  d+^^  +  ^__ (20) 

Sht^dx=z^ht^dr+pwP+pv)'dP (21) 

Differentiating, 

d  X  __  —^ht^x  +  lQht^d+pw'P  .^2 

6~d  "^  Sht^d  ^     ^ 

For  a  minimum,  —  Sh  t^x  +  16  h  t^d  +  p  w*  P  =  0 

P    W'    P  /ft.JV 

whence,  x^2d+  %yy  (2^) 

But,  x  =  d  +  p  a,  whence, 

d  w'P  ,^,^ 

«  =  p +  8xr. ^^> 

w'  P 
The  term,  ^  ,      ,  in  Equation  24,  is  the  area  of  steel  required  to 

o  fi  tg 

D  W*  P 

carry  the  variable  dead  load  alone,  and  the  term,  ^-^ — ,  in  Equation  23 

is  proportional  to  the  cost  of  this  steel.  It  is  to  be  noted  that  the 
quantity  of  steel  required  to  carry  the  variable  dead  load  is,  for  a 
given  span,  a  constant,  and  independent  of  both  the  live  load  and  the 
depth,  d. 

Evidently,  the  total  cost  is  a  minimum  when  it  is  equal  to  twice 
the  cost  of  the  variable  concrete,  plus  the  cost,  of  the  steel  required 
to  carry  the  variable  dead  load — the  latter  item  of  cost  being  con- 
stant for  a  given  span,  uhder  all  conditions  of  loading. 

Equating  the  second  members  of  Equations  19  and  24,  and 
solving  for  d^,  there  results, 

<P  =  ^-4l (25) 

w  P 
This  equation  is  identical  in  form  with  Equation  17.      ~8~  ^® 

the  moment  due  to  the  live  load.  It  is  evident,  therefore,  that  the 
economical  value  of  d  is  dependent  solely  upon  the  live  load,  for  a 
given  value  of  Z.  Unless  the  live  load  is  very  flmall,  the  values  of  x 
given  by  Equations  14  and  23  do  not  differ  by  appreciable  amounts, 
especially  if  the  design  is  made  for  maximum  stresses,  the  load  pro- 
ducing the  maximum  stresses  being  computed  as  the  dead  load,  plus 
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the  product  of  the  working  live  load  by  a  factor  of  safety;  this,  after 
all,  is  the  more  logical  plan;  what  is  wanted  is  a  factor  of  safe^ 
under  applied  loads.  If  the  dead  load  is  added  to,  say,  four  times 
the  working  live  load,  and  the  total  taken  as  the  load  producing 
maximum  stresses,  the  factor  of  safety  under  total  working  loads  is 
quite  as  great  as  it  is  in  any  ordinary  fire-proof  building  design, 
and,  for  static  loads,  is  certainly  sufficient.  Under  such  assumptions^ 
the  results  of  Equations  14  and  28  do  not  differ  by  more  than  i  of  1 
per  cent. 

If,  in  Equation  19,       is  substituted  for  a,  and  the  resulting 

equation  solved  for  d,  there  results  a  value,  which,  while  not  theo- 
retically the  most  economical,  will  require  the  cost  to  be  computed 
to  tenths  or  possibly  hundredths  of  cents  per  linear  foot  of  a  beam 
12  in.  wide,  to  show  the  difference.  This  is  close  enough  to  theory 
for  all  practical  purposes,  and  is  the  method  the  writer  would 
recommend,  where  even  great  accuracy  is  desired. 

Evidently,  the  value  of  the  quantity,  p,  is  of  some  importance; 
probably  a  fair  average  value  of  concrete  per  cubic  foot,  apart  from 
the  centering,  is  20  cents.  At  3  cents  per  lb.,  the  value  of  steel  is 
$14.40  per  cu.  ft    A  fair  average  value  of  p,  therefore,  would  be 

a  1 

72,  and  v  would  then  be  equal  to  p;^ ,  or  0.014.    An  examination  of 

the  values  before  deduced  for  the  maximum  allowable  percentage  of 

steel,  will  readily  show,  however,  that  average  values  of    -  are  too 

P 

great  for  steel  of  high  elastic  limit,  because  the  concrete  would  not 
be  able  to  develop  the  strength  of  so  much  steel.  Under  these  cir- 
cumstances, the  most  economical  practicable  design  is  the  one  using 
the  maximum  allowable  percentage  of  steel;  theoretical  economy, 
based  on  relative  costs,  is  not  attainable.  The  best  that  can  be  done 
is  to  use  as  large  a  percentage  of  steel  as  the  concrete  will  stand; 
any  more  than  this  is  wasted,  for  when  the  concrete  fails,  the  beam 
fails.  Since  the  foregoing  discussion  of  minimum  cost  does  not 
contain  the  ratio  between  the  allowable  maximum  stresses  in  the 
two  materials,  it  is  but  natural  that  the  results  should  require  com* 
parison  with  those  derived  from  formulas  in  which  this  ratio  is  a 

factor.    In  actual  design,  the  writer  would  use  the  value,  —  for  a. 
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unless  the  maziinum  allowable  value  of  a,  as  deduced  from  ezperi- 

ment  or  from  Equations  1  to  5,  should  be  less  than  —  ;  in  which  case 

the  maximum  allowable  value  of  a  would  be  used.  He  would,  if  great 
accuracy  is  desired,  write  the  moment  of  the  loads  in  the  form 
given  in  Equation  18,  in  order  to  avoid  any  guessing  as  to  the  dead 
lead,  due  to  the  variable  part  of  the  concrete;  w  would  be  the  total 
live  load,  multiplied  by  the  factor  of  safety. 

The  only  equation  required  for  designing  would  then  be  Equa- 
tion 19.  For  a,  would  be  substituted  its  proper  value,  in  terms  of  d, 
and  the  equation  would  be  solved  for  d.  For  a  beam  of  width,  h,  it 
is  only  necessary  to  make  very  obvious  changes  in  the  formula. 
The  value  of  a  follows,  when  d  is  known.  If  great  accuracy  is  not 
necessary,  an  approximate  value  for  the  dead  load  can  be  assumed; 


t<-b-^\ 


h0.8/c 


Fio.  9. 

the  total  moment  is  then  a  constant,  and  the  equation  giving  the 
value  of  d  will  be  a  pure  quadratic,  instead  of  an  adfected  one,  as  in 
the  other  case. 

The  question  is  at  once  suggested  by  the  results  above  deduced, 
whether,  in  the  case  of  steel  of  high  elastic  limit,  in  which  the 

maximum  allowable  value  of  a  is  much  less  than      ,  greater  economy 

could  not  be  attained  by  reinforcing  the  concrete  against  compres- 
sion. It  is  of  interest,  therefore,  to  determine  the  conditions  of 
minimum  cost  when  double  reinforcement  is  used. 

Let  Fig.  2  represeiit  a  cross-section,  and  a  partial  side  elevation, 
of  a  concrete  beam,  reinforced  at  top  and  bottom.  It  would  not  be 
desirable  to  place  the  top  reinforcement  much  higher  than  the 
centroid  of  the  compressive  stresses  in  the  concrete;  and  as  this 
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position  makes  the  calculations  simpler^  without  affecting  any 
fundamental  principle  involvedy  it  is  assumed,  for  this  discussion. 
The  various  quantities  are  as  hitherto  assumed,  in  Fig.  1,  and  the 
symbols  have  the  same  meaning.  Conditions  producing  the  maxi- 
mum allowable  stresses  are  supposed  to  exist. 

From  Equation  3,  y,  =  g-g'y-^  .</r 

Then,  y^  =  g  y, (26) 

d  =  yi  +  y2=^  (l  +  g)  y,. 

Therefore,  v,  =  = — ; — (27) 

hd  =  (g  +  n)y,  =  ^^d (28) 

Total  stress  in  concrete  =  0.8  h  kf^  y^  =     '         ^    . 

n  t/i  a' t.  n 

''        "      '*  a  =  a  «,. 

at  ^'^L^.O.Shkf^ 

'         g     ^     1  +  g  "^    ^ 

Assume  a  constant  total  moment,  thus  ignoring  the  variations  in 
dead  load,  due  to  changes  in  d.  Assume  that,  the  materials  once 
selected,  h  is  constant. 

Consider  a  beam  in  which  &  =  1.  a  may  be  divided  into  two 
parts,  aj  and  a,,  such  that  a^  t^  will  be  equal  to  the  stress  in  a',  and 
^2  ^M^ill  be  equal  to  the  stress  in  the  concrete. 

Then,  a^  «,  =        *^,  whence  a'  =  ^^ (30) 

Since  m,  the  total  moment,  is  equal  to  ^  d  f,  a,  it  may  be  divided 
into  two  parts,  m*  and  m",  such  that 

m'  m" 

"^^hlTd^  *"^  ««  =  Fj-d  <^^> 

„,  +  „-  =  „, +  £ii  =  (!Lti!L^ (32) 

Substitute  for  a^  in  the  second  number  of  Equation  32,  its  value 
from  Equation  31,  then 

«i  +  «  =  -ir  '  hj-d f^> 
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It  is  evident  that  a,  will  be  the  maximum  allowable  area  of  steel, 
as  determined  from  Equations  1  to  6.     The  total  area  of  steel,  or  a  + 

a  ,  will  be  equal  to  =--— ,  4- •    ,  ^    ,. 

h  tgd  ^       n  h  t^d 

Let  X  be  proportional  to  the  cost  of  the  beam;  then 

^-^^  ^  ht,d^       n  h  t^d  ^    ^ 

Whence, 

n  h  t^  d  X  =  n  h  tg  (f  +  n  p  m"  +  (n  +  g)  p  m\ 
Differentiating, 

nht^{d8  X  +  xd  d)  =2nht^ddd (35) 

Whence, 

d  X        —  y  +  2  f  ^ 

6d=   d (^^> 

For  a  minimum, 

—  X  +  2  rZ  =  0,  whence  x  =  2d (37) 

Therefore,  in  this  case  also,  the  total  cost  is  a  minimum  when  the 
cost  of  the  steel  is  equal  to  that  of  the  variable  part  of  the  concrete. 
To  determine  whether  the  beam  with  double  reinforcement,  com- 
plying with  this  economical  condition,  is  cheaper  to  resist  a  given 
moment  than  one  with  single  reinforcement,  in  which  the  maximum 
allowable  percentage  of  steel  is  used,  it  is  necessary  to  compare  the 
results  for  some  particular  grades  of  steel  and  concrete.  Let  fc  a= 
2  500,  and*,  =100000, 

Then,  by  Equations  1  to  5,  gr  =  3i,  ^  =  0.92,   ?-  =  0.00263,  and 

a 

n  =  0.64. 

Let  p  =  72,  then  =0.014.  Represent  — byj)'.  Let  p"  rep- 
resent the  maximum  allowable  proportion  of  steel  for  lower  reinforce- 
ment only.     Then  p"  =   ^-  =  0.00263  (when  t^  =  100  000). 

ttj  ~  p"  d.     a,  +  ctj  +  a'  =^  p'  d. 

Whence, 

a^+a'  =  (p'—p'»)d (38) 

M         j        ff 

But,  from  Equation  32,  a,  +  a'  = a,. 

n        * 

Equate  the  second  members  of  Equations  38  and  32,  and  there  re- 

gults,  !^^  a.  =  (p'  —  p")  d, 
n 
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whence, 

a,=  -^^{p'  —  p")d (39) 

a  =  aj  +  Oj,  and  m  =  h  t^  d  a,  whence, 

m=^ht,d  iai  +  a^)  =  k  «,-"-(p'  —  p'')  (?  +  h  t^  p"  r/^.(40) 
Substituting  for  the  various  constants  their  values, 
m=  (92000^  X  0.01137fP)  +  (92  000  X  0.00263<?)  =  410f/^.  .(41) 


3.97 


c?»  =  -^-,andcZ=l^ (42) 

410'  20.2  ^     ^ 


But,  X  =  d  +  p  (a  +  a')  =-  2  (Z. 

Substitute  for  d  its  value,  in  terms  of  w,  and  there  results 

X  =  ^   =  0.099  Vm (4:i) 

If  lower  reinforcement  only  is  used, 

fn  =  kt^a^d  =  h  t,p"  d*  =  242  cP (44) 

242  lo.o 

x  =  d  +  p  a^  =  5l!^  ^  /  72  X  0.00263  jC^^  |   =  0.077  -/»« . .  (4o) 

Comparing  this  result  with  that  of  Equation  43,  it  is  evident 
that,  when  tg  =  100  000,  it  is  cheaper  to  use  lower  reinforcement 
only.  If  this  is  true  for  this  value  of  t^,  it  is  certainly  true  for  any 
other  value  likely  to  be  used  in  practice.  It  is  advisable,  therefore, 
to  use  double  reinforcement  only  when  the  conditions  of  the  problem 
restrict  the  value  of  d,  or  when  it  is  very  important  to  reduce  the 
dead  weight  to  a  minimum.  In  the  foregoing  discussion,  the  in- 
troduction of  c^  as  a  variable  factor  in  the  value  of  m  has  not  been 
considered;  but  there  would  ordinarily  be  no  material  change  in  the 
result,  if  this  were  done.  It  is  to  be  noted,  however,  that  when 
only  lower  reinforcement  is  used,  and  f,  =  100000,  the  value  of  d 
is  about  one-third  greater  than  when  double  reinforcement  is  used. 
This  will  make  some  difference  in  the  actual  live-load  capacity,  if  m 
is  assumed  as  a  constant.  If  the  live  load  is  very  small,  as  comparer! 
with  the  dead  load,  this  may  change  the  relative  costs,  for  a  given 
live-load  capacity,  so  as  to  make  the  double  reinforcement  more 
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economical;  but  if  the  live  load  is  relatively  large,  the  single  rein- 
forcement will  be  more  economical,  although  the  difference  may  not 
be  quite  as  great  as  indicated  by  Equations  43  and  45.  In  prac- 
tically all  cases  that  would  ordinarily  occur,  the  single  reinforcement 
will  be  the  cheaper,  by  at  least  20  per  cent. 

Hitherto,  it  has  been  assumed  that  the  beam  was  to  be  reinforced 
against  what  may  be  termed  the  flange  stresses  only,  and  the  discus- 
sion applies,  of  course,  to  the  section  where  m  is  a  maximum;  but 
other  stresses  exist  in  reinforced  concrete  beams,  corresponding  to 
the  web  stresses  in  steel  beams.  For  simplicity,  they  will  hereafter 
be  referred  to  as  web  stresses.  They  might  be  called  shearing 
stresses,  for  the  web  is  the  locus  of  such  stresses,  as  well  as  those  due 
to  tension  and  compression ;  by  analogy  with  an  open  truss,  in  which 
the  web  stresses  in  a  panel  are  often  called  the  ^^shear"  in  that 
panel,  all  the  web  stresses  in  a  reinforced  concrete  beam  might  be 
called  the  "shear";  but  this  use  of  the  term  has  led  to  much  useless 
discussion  and  misunderstanding,  and  the  writer  prefers  the  other, 
especially  considering  the  fact  that  if  tensile  and  compressive  web 
stresses  are  adequately  provided  for,  the  shearing  stresses  proper  will 
also  be  provided  for. 

Assuming  the  beam  to  be  uniformly  loaded,  the  ideal  web  rein- 
forcement would  consist  of  a  multiplicity  of  relatively  small  members 
attached  to  the  horizontal  reinforcement,  and  inclined  both  ways 
from  the  center  of  the  span,  at  an  angle  of  45  degrees.  The  attach- 
ment to  the  horizontal  reinforcement  should  be  independent  of  the 
concrete,  should  permit  no  lost  motion  between  web  and  flange  rein- 
forcement, and  should  be  strong  enough  to  develop  the  strength  of 
the  former.  The  spacing  should  vary  from  the  center  to  the  ends, 
decreasing  in  proportion  to  the  increase  in  the  web  stresses.  In  any 
case,  the  sum  of  the  horizontal  components  of  the  stresses  in  all  the 
web  members  in  each  half  of  the  beam  should  be  at  least  equal  to 
the  maximum  stress  in  the  flange  reinforcement.  The  web  members 
should  all  extend  entirely  to  the  top  of  the  beam. 

Assuming  web  members  as  above  described,  the  aggregate  cross- 

["section  of  all  on  one  side  of  the  center  is,  for  a  beam  of  unit  width, 

with  horizontal  reinforcement,  a,  equal  to  -y/2  *•     The  length  of  each 

web  member  is  equal  to  ^2  ^-     The  volume  of  all  the  web  members 

in  the  beam  is  then  equal  to  2  X  y^2  a  X  y^2  d  =  4  a  d.    The  vol- 
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uiue  of  web  members  per  unit  of  length  of  the  beam  is  then  — p-.     This 

is  also  the  area  of  a  bar  equal  in  weight  to  all  the  web  members,  and 
equal  in  length  to  the  span,  I.     Call  this  area  a".    The  cost,  a;,  is 

then  equal  to  d  +  p  (a  +  a"),    a  =  .      Substituting    the 

h  t^  a 

values  of  a  and  a"  in  the   value  of  x,  there   results  an  equation 

which  can  be  differentiated  as  in  the  discussions  that  have  gone  be- 
fore, the  variable,  d,  entering  as  a  factor  in  the  value  of  the  total 
moment.  It  is  unnecessary  to  repeat  the  mathematical  work.  The 
results  are  as  follows: 

Minimum  co8t,.=  2  d+^^^^      +  ^  +  -g^ (46) 

-  J)  U7  ?  ^ 

^^  ^  Sht,  +  i  pw'l ^^'^ 

Designs  made  in  accordance  with  the  foregoing  results  give  costs 
almost  identical  with  those  obtained  by  designing  without  reference 
to  web  members,  and  then  adding  the  web  members.  Thus,  for  a  par- 
ticular case  assumed  by  the  writer  and  worked  out,  the  cost  per 
linear  foot  of  the  variable  elements  of  a  beam  12  in.  wide,  as  deter- 
mined under  various  assumptions,  was  as  follows: 

1. — Designed  without  reference  to  web  members,  and 
without  taking  account  of  the  variation  in  d, 
web  members  being  afterward  added 30.743  cents 

2. — Designed  without  reference  to  web  members,  tak- 
ing account  of  variations  in  d,  web  members 
being  afterward  added 30.81     cents 

3. — Designed  in  accordance  with  Equation  47  and 

the  assumptions  leading  up  to  it 30.73    cents 

Evidently  it  is  not  worth  while  to  consider  either  web  members 
or  variations  in  d,  in  designing  the  section  of  maximum  moment, 
except  that  the  value  of  M  may  be  written  as  a  function  of  d,  if  it 
is  desired  to  avoid  guessing  at  the  dead  weight.  After  a  little  ex- 
perience, however,  the  designer  will  be  able  to  guess  the  dead  weight 
with  sufficient  accuracy,  and  in  that  case  he  will  have,  as  stated 
above,  only  a  pure  quadratic  to  solve — otherwise  he  will  have  to  solve 
one  containing  both  the  first  and  second  powers  of  d. 
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T -Beams. 

All  that  has  gone  before  is  applicable  only  to  rectangular  beams 
and  floor  slabs.  No  extensive  system  of  reinforced  concrete  floors 
can  be  economically  designed,  however,  without  the  use,  either  of 
rolled  steel  beams,  or  else  of  reinforced  concrete  ribs,  forming,  to- 
gether with  a  portion  of  the  floor  slab  in  each  case,  what  is  practically 
a  T-beam. 

It  is  necessary,  therefore,  to  consider  the  economical  design  of 
such  sections  as  this. 

Let  Fig.  3  represent  the  cross-section  of  a  T-beam. 
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The  dimension,  s,  whether  the  T-beam  is  isolated,  or  whether  it 
is  incorporated  in  a  floor  system,  is  generally  fixed  by  the  conditions 
of  the  problem;  &  is  fixed  by  its  relation  to  %,  and  c  will  usually 
result  from  h.  A  few  trials  may  be  necessary,  however,  to  get  these 
quantities  properly  determined.  Assume  that  they  have  been  fixed, 
and  that  i  is  the  only  variable. 


3f=  -^  +  _^_+ g 


8      •  8  •  «        (^^> 

ar=p^-|-6(i-f2c« (49) 

By  a  discussion  similar  to  those  that  have  gone  before,  it  will 
be  found  that,  for  minimum  cost. 


a;  =  2  6d  +  2cs  + 


6d       w'6P 


%hi. 


""  8X175 


(50) 
(51) 
(52) 
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If  M  had  been  assumed  as  a  constant^  these  equations  would  have 
been 


a;  =  2  6<Z 
A  -^~ 


(53) 


As  5  d  is  the  variable  concrete  area,  it  may  again  be  assumed  that 

the  economical  value  oi  A  is  -  — .    The  last  term  in  Equation  51  is 

P 
the  area  of  steel  required  for  carrying  simply  the  variable  dead  load. 

If  web  members  be  considered,  the  result  would  be  the  same  as  in 

the  case  of  rectangular  beams. 

It  is  evident,  that  if  -    does  not  exceed   the  value  of   , ,  as  de- 

duced  from  Equations  1  to  6,  the  economical  design  for  T-beams  ^ill 
be  one  in  which  the  value  of  c  is  zero — i.  6.,  in  which  there  is  no 
projecting  flange,  and  the  beam  is  reduced  to  a  rectangular  section. 

But  if      is  greater  than  ^ ,  the  compressive  resistance  of  a  flange,  or 

of  a  reasonable  width  of  floor  slab,  may  be  counted  on,  and  probably, 
for  any  grade  of  steel  likely  to  be  used,  A  could  be  made  equal  to 

— ,  in  all  cases.  It  will  cost  a  little  more  to  put  concrete  into  the 
P 

forms  for  the  ribs  or  stems,  so  that  p  will  be  less,  and  -  greater,  for 

P 

T-bearas  than  for  floor  slabs. 

In  the  writer's  St.  Louis  paper,  he  presented  formulas  for  T* 
beams  modeled  after  those  deduced  by  A.  L.  Johnson,  M.  Am.  Soc 
C.  E.  In  applying  these  formulas  to  particular  cases,  the  total  al- 
lowable width  of  flange  (5  +  2  c,  in  Fig.  3)  was  generally  found  to 
be  between  3  h  and  4  h.  The  writer  thinks  conservative  practice 
would  conflne  this  width  to  3  &.  -  By  the  assumptions  as  to  the 
stress-strain  curve  assumed  in  this  paper,  and  those  made  in  the 
St.  Louis  paper  as  to  the  distribution  of  stresses  in  the  flange  of  the 
beam,  the  average  stress  in  the  compressed  part  of  the  concrete  of  a 
T-beam  may  be  taken  as  not  less  than  0.66  X  ^-S  fe  =  ^-^  fe 
under  the  loads  producing  the  maximum  stresses  assumed  in  de- 
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ducing  the  formulas.    If,  then,  the  product  obtained  by  multiplying 
the  area,  5  y^  +  2  6  s,  by  0.44  /.,  is  equal  to,  or  greater  than,  — « 

the  economical  value  of  A  can  be  used.    Otherwise,  the  following 
equation  must  be  satisfied  (c  being  assumed  equal  to  h), 

^<,  =  0.44/,  5(2/1  + 2  s) • (^4) 

The  writer  believes  that,  in  the  foregoing  discussion,  the  prin- 
ciples of  economic  design  have  been  brought  out;  and  that  the  dis- 
cussion is  based  on  formulas  capable  of  giving  as  great  accuracy  as 
is  attainable  with  any  more  complicated  ones.  With  the  assistance 
of  a  few  constants,  which  ought  to  be  determined  by  specially  de- 
vised experiments,  the  formulas  herein  suggested  would  greatly 
simplify  the  work  of  designers. 

All  that  has  gone  before  applies  mainly  to  the  economical  design 
of  the  section  where  the  moment  is  a  maximimi,  and  the  formulas 
take  account  only  of  bending  stresses,  pure  and  simple,  as  far  as 
they  are  actually  a  guide  in  designing. 

The  web  stresses,  in  practice,  are  quite  as  important  as  the  flange 
stresses.  The  web  of  a  plate  girder,  and  the  web  members  of  a  bridge 
truss,  often  demand  much  more  attention  than  the  flanges  and 
chords.  This  is  equally  true  of  reinforced  concrete  girders  and 
beams.  If  it  is  bad  practice  to  count  upon  the  tensile  strength  of 
the  concrete  in  the  lower  part  of  the  beam,  it  is  equally  bad  practice 
to  count  upon  it  in  the  web.  Of  the  existence  of  tensile  stresses  in 
the  web,  acting  at  various  angles  with  the  axis,  there  can  be  no 
doubt.  In  Bankine's  Applied  Mechanics*  is  given  a  diagram  show- 
ing the  lines  of  principal  stress  in  a  homogeneous  beam.  The  dia* 
gram  would  not  apply  to  a  reinforced  concrete  beam,  but  there 
would  be  one  more  or  less  similar  to  it,  with  the  lines  of  tensile 
stress  all  originating  in  the  axis  of  the  steel  reinforcement  of  the 
lower  flange,  rising  at  an  angle  of  approximately  45**,  and  inclined 
toward  the  abutments.  This  would  be  the  case  under  the  assump- 
tion of  a  uniformly  or  symmetrically  distributed  load.  These  lines 
of  tensile  stress  would  not  differ  much  in  relative  arrangement  from 
the  tensile  web  members  of  a  lattice  grirder. 

About  August,  1904,  the  writer  had  to  design  some  rather  im- 
portant long-span  girders  for  the  War  College  Building,  at  Wash- 

*  EdiUon  of  1895,  page  842,  Fig.  140. 
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ingrton  Barracks,  D.  C.  He  had,  nearly  two  years  before,  beoome 
convinced  that  not  only  ought  reinforced  concrete  beams  and 
girders  to  be  designed  with  web  reinforcement,  but  that  the  ten- 
sile web  members  ought  to  be  arranged  at  an  angle  of  45°,  and 
firmly  attached  to  the  horizontal  reinforcement,  without  the 
possibility  of  lost  motion,  so  that  the  horizontal  components  of 
the  tensile  web  stresses  could  be  transmitted  into  the  hori* 
zontal  reinforcement,  without  depending  on  the  surrounding  con- 
crete; in  other  words,  that  concrete  should  no  more  be  relied 
upon  for  connections  than  for  resisting  tensile  flange  stresses. 
Previous  to  the  time  when  the  War  College  work  was  designed,  the 
writer  had  analyzed  the  web  stresses  by  analogy  with  a  Pratt  truss; 
but  study  of  the  War  College  problem  made  it  apparent  that  the 
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double  intersection  Warren  girder  was  a  better  analogy,  and  the 
writer  has  used  it  since  that  date.  To  illustrate  the  method,  and  to 
make  certain  subsequent  references  more  clear,  let  Fig.  4  represent 
a  longitudinal  section  of  a  reinforced  concrete  beam,  taken  through 
the  axis  of  the  horizontal  reinforcement,  only  one-half  of  the  span 
being  shown.  The  beam  is  divided,  as  nearly  as  possible,  into  equal 
panels,  each  panel  length,  as  l'-2',  or  1-2,  being  equal  to  the  depth,  d, 
of  the  axis  of  the  horizontal  reinforcement  below  the  top  of  the 
beam.  The  lines  1-1,  2-2,  etc.,  are  the  assumed  lines  of  tensile  web 
stresses,  and  the  corresponding  compressive  stresses  in  the  concrete 
are  assumed  to  act  along  the  broken  lines,  2'-0,  3'-l,  etc.  This  gives 
a  double  system  of  web  members,  and  the  web  stresses  are  divided 
between  the  two  systems,  on  the  assumption  that  the  load  is  concen- 
trated at  panel  points,  such  as  0,  1,  2,  3,  etc.,  or  at  2',  3',  etc.  The 
stress  in,  say,  2^-2  having  been  determined,  enough  web  members  are 
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inserted  between  the  middle  points  of  1-2,  and  of  2-3,  to  carry  it. 
This  method  is  followed  for  all  the  tensile  web  stresses.  The  con- 
crete is  assumed  to  take  care  of  the  compression.  The  tensile  web 
members  are  designed  so  that  the  adhesion  of  that  part  above  the 
neutral  axis  will  develop  the  strength  of  the  member;  this  is  to  be 
insured  by  the  use  of  a  mechanical  bond  in  the  upper  part  of  the 
web  member,  if  necessary.  All  web  members  extend  quite  to  the 
upper  surface  of  the  beam. 

If  the  web  members  hold,  mechanical  bond  for  the  main  hori- 
zontal member  is  probably  of  secondary  importance;  but,  inciden- 
tally, it  is  furnished  in  a  very  efficient  way  by  the  attachment  of 
the  web  members.  The  writer  prefers  not  to  depend  upon  simple 
adhesion,  if  mechanical  bond  is  practicable,  though  he  was  not  al- 
ways of  this  opinion. 

To  provide  against  concentrated  and  rolling  loads,  some  of  the 
web  members,  near  the  center  of  the  span,  should  incline  toward  the 
farthei*  abutment,  parallel  to  the  lines,  7'-5,  8^-6,  etc.,  so  as  to  act 
as  counterbraces.  Just  how  far  in  this  direction  the  designer  shall 
depart  from  the  conditions  due  to  a  uniformly  distributed  load  is  a 
matter  of  judgment,  in  each  particular  case.  For  railroad  struc- 
tures, the  worst  conditions  for  the  web  members  can  probably  be 
determined  with  a  fair  degree  of  accuracy.  For  other  structures, 
and  especially  for  buildings,  some  fair  average  concentrated  loads 
should  be  assumed,  and  the  web  members  designed  for  them,  as  well 
as  for  a  uniform  load.  The  lower  flange  reinforcement  should  be 
designed  for  a  uniformly  distributed  load;  it  should  be  diminished 
in  cross-section  only  very  near  the  abutments,  if  at  all.  If  designed 
in  this  way,  it  will  take  care  of  any  pure  bending  stresses  likely  to 
occur,  under  any  reasonable  distribution  of  the  load. 

The  writer  is  well  aware  that  many  engineers  will  not  agree  with 
him  that  attached  v:eb  members  are  necessary;  but  at  least  all  will 
admit  that  the  subject  is  still  an  open  one,  and  that  the  question 
of  web  stresses,  including  the  shear,  is  not  yet  satisfactorily  settled. 

The  writer  thinks  that  nearly  all  tests  of  reinforced  concrete 
beams  without  web  reinforcement,  in  which  the  percentage  of  steel 
was  anywhere  near  its  economical  value,  have  shown  that  failure 
occurred  under  the  web  stresses  primarily.  This  also  will  be  dis- 
puted; but,  even  where  the  beam  was  tested  by  a  center  load,  the 
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failure  has  often  been  by  diagonal  cracks  along  the  lines  of  com- 
pressive web  stress,  at  greater  or  less  distances  from  the  center. 

Failures  under  uniform  loads,  in  practice,  have  nearly  always 
been  by  diagonal  cracks  near  the  abutments.  In  nearly  every  case, 
unless  the  percentage  of  steel  was  very  small,  failure  of  the  beam 
has  occurred  when  the  stress  in  the  steel  reached  the  elastic  limit. 
Tests  in  which  an  excessive  percentage  of  steel  resulted  in  crushing 
the  concrete  are  not  here  considered.  As  far  as  the  writer  is  aware, 
no  thoroughly  scientific  tests  have  been  made  to  determine  the 
value  of  web  members  such  as  those  herein  advocated;  but,  in  the 
excellent  work  on  Reinforced  Concrete  by  Buel  and  Hill,  at  the 
bottom  of  page  47  and  the  top  of  page  48,  are  described  two  tests 
which  indicate  very  clearly  that  much  good  is  to  be  expected  from 
such  reinforcement.  The  owners  of  a  certain  patented  system,  in 
which  attached  diagonal  web  members-  are  used,  have  made  many 
tests  of  actual  experimental  structures,  under  more  or  less  uniform 
loadings,  and  these  tests  indicate  very  clearly  the  value  of  the  web 
members.  In  a  recent  one,  the  percentage  of  steel  was,  as  nearly 
as  the  writer  can  determine,  more  than  li ;  failure  occurred  by  pull- 
ing the  steel  in  two,  under  a  stress  of  at  least  55  000  lb.  per  sq.  in. 
This  is  a  very  remarkable  result.  The  same  concern,  in  earlier 
tests,  not  only  pulled  the  steel  in  two,  but  developed  a  capacity  for 
deflection  before  rupture,  as  gre&t  as  could  reasonably  be  expected 
of  a  rolled  steel  beam.  As  far  as  the  writer  is  aware,  such  tests  are 
the  only  recorded  ones  which  bear  directly  on  the  point  at  issue. 
Some  other  tests  were  made,  quite  accurately,  on  beams  reinforced 
with  the  patented  bars  above  referred  to,  but  they  were  designed  so 
that  the  entire  bar,  web  members  and  all,  was  entirely  below  the 
neutral  axis  of  the  beam.  Naturally,  they  behaved  in  much  the  same 
way  as  beams  without  web  members. 

Apart  from  the  very  positive  results  of  the  few  tests  that  have 
been  made,  however,  there  are  other  reasons  for  predicting  the  value 
of  web  members,  from  the  results  of  tests  made  without  them. 

It  is  evident  that  the  sum  of  the  horizontal  components  of  .the 
stresses  in  the  web  members  of  Fig.  4  must  be,  in  each  half  of  the 
span,  at  least  equal  to  the  total  stress  in  the  horizontal  reinforcement. 
Now,  suppose  there  are  no  web  members;  the  stress  must  then  be 
transmitted  directly  between  the  horizontal  reinforcement  and  the 
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concrete;  the  concrete  immediately  around  the  reinforcement  thus 
becomes  the  locus  of  a  great  many  stresses,  both  direct  and  shear- 
ing; these  are  much  greater  in  intensity  near  the  abutments  than 
they  are  near  the  center,  but,  in  a  general  way,  the  sum  total  of  these 
stresses  is  distributed  from  the  center  to  the  abutment.  As  the 
stress  in  the  steel  approaches  the  elastic  limit,  the  adhesion  of  the 
steel  in  the  concrete  near  the  center  of  the  span  grows  less  and  less, 
due  to  the  diminution  in  the  cross-section  of  the  reinforcing  bars; 
the  stresses  in  the  concrete  are  concentrated  more  and  more  toward 
the  abutments,  and  become,  not  a  question  of  the  total  vertical  shear, 
but  of  the  total  stress  in  the  steel,  multiplied  by  some  such  factor  as 
■the  secant  of  45  degrees.  Under  these  circumstances,  it  is  but  natural 
that  failure  should  occur  when  the  stress  in  the  steel  reaches  the 
elastic  limit,  and  with  greater  or  less  suddenness.  The  exact  locus 
of  the  first  fatal  crack  is  no  doubt  determined  by  accidental  vari- 
ations in  the  concrete,  by  shrinkage  stresses,  or  other  unforeseeable 
circumstance.  As  a  rule,  in  all  these  tests,  the  total  vertical  shear 
divided  by  the  area  ef  cross-section  of  the  concrete  is  a  very  moderate 
quantity;  similarly,  this  shear,  divided  by  the  cosine  of  46°,  may  be 
taken  as  the  total  tensile  stress  along  such  a  line  as  I'-l,  and  the  area 
of  concrete  to  resist  it  may  be  taken  as  that  cut  out  by  a  plane  pass- 
ing through  the  line,  0-2^  and  perpendicular  to  the  plane  of  the 
figure.  This  will  also  give  a  very  moderate  unit  tensile  stress  in  the 
concrete,  and  will  not  indicate  any  urgent  need  of  web  reinforcement. 
But  when  the  question  of  getting  the  total  stress  into  the  steel  is 
considered,  as  above,  it  is  a  very  different  matter;  moreover,  in 
actual  structures,  because  of  their  great  extent,  the  effects  of  tem- 
perature changes  and  shrinkage  stresses  are  much  more  marked  than 
in  a  single  beam  made  for  testing  in  a  laboratory.  Probably  at  the 
very  point  where  shearing  and  tensile  strength  in  the  concrete  are 
most  needed,  they  will  be  wholly  lacking,  although  the  fact  may  not 
be  apparent  under  light  loads,  due  to  the  binding  action  of  the  steel. 
On  the  other  hand,  if  there  is  adequate  reinforcement  against  all 
possible  tensile  stresses,  none  of  these  practical  troubles  will,  to  any 
appreciable  extent,  diminish  the  compressive  value  of  the  concrete; 
and  shearing  stress,  as  such,  need  not  be  considered,  except  in  refer- 
ence to  the  power  of  the  concrete  to  hold  on  to  the  various  steel 
members  when  they  are  under  stress.     Here,  again,  if  the  web  mem- 
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bers  are  designed  as  herein  indicated,  the  greater  the  stresses  in  the 
beam,  and  the  greater  the  deflection,  the  tighter  will  be  the  grip  of 
the  Gompreesed  part  of  the  concrete  on  the  upper  parts  of  the  web 
members — so  that  failure  can  occur  only  by  actually  crushing  the 
concrete,  or  by  pulling  the  steel  apart.  It  is  probable  that  the  web 
members  would  also  act  so  as  to  distribute  the  stresses  more  iini- 
formly  over  the  cross-section  of  the  concrete  in  compression,  and 
thus  increase  its  efficiency.  Under  such  conditions,  collapse  would 
never  occur  at  the  elastic  limit  in  a  well-balanced  design.  It  is 
evident  that  the  lower  part  of  the  concrete  may  be  in  a  more  or  less 
cracked  and  damaged  condition,  and  still  capable  of  acting,  in  com- 
pression, as  a  separator  between  the  horizontal  reinforcement  and 
the  upper  compressed  part  of  the  beam,  thus  carrying  the  compressive 
web  stresses,  which  are  relatively  small.  As  long  as  this  condition 
obtains,  collapse  will  not  occur,  except  by  actual  failure  of  either 
the  compressed  flange,  or  the  horizontal  reinforcement,  as  above 
stated.  This  leads  up  to  the  question  of  the  influence  of  the  form 
of  reinforcement  on  the  flre-resisting  qualities  of  the  structure. 

It  is  fairly  well  established  that,  under  temperatures  of  from 
800°  to  1000°  fahr.,  cement  which  has  set,  begins  to  lose  its  water 
of  crystallization;  as  this  change  progresses,  the  strength  is  im- 
paired. If  the  Are  lasts  long  enough,  the  lower  part  of  the  concrete 
in  a  floor  system  is  completely  ruined,  and  generally  comes  off,  ex- 
posing the  steel ;  if  the  fire  still  continues,  collapse,  in  ordinary  de- 
signs, speedily  follows.  The  exposure  of  the  steel  is  undoubtedly 
greatly,  accelerated  by  the  existence  of  severe  stresses  in  the  con- 
crete immediately  surrounding  the  steel,  in  all  cases  where  attached 
web  members  are  not  used.  Where  they  are  used,  the  damaged  con- 
crete, having  no  structural  duty  to  perform,  will  hang  on  longer, 
and  at  least  protect  the  steel;  even  after  it  comes  off,  the  structure 
will  collapse  only  after  the  steel  becomes  hot  enough  to  have  its 
tensile  strength  seriously  impaired. 

Even  if  collapse  does  not  occur — in  fact,  even  if  the  steel  is  not 
exposed  at  all — in  cases  where  attached  web  members  are  not  used, 
if  the  concrete  has  been  dehydrated  to  any  appreciable  depth,  nothing 
short  of  re-building  will  constitute  adequate  repairs.  The  damaged 
material  must  come  off;  on  it,  and  its  bond  with  the  concrete  above, 
depended  the  ability  of  the  steel  to  transmit  its  stresses  into  the 
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upper  part  of  the  beam.  There  is  no  known  method  of  replacing 
the  damaged  concrete  with  new  material,  and  of  securing  a  bond  be* 
tween  the  new  and  the  old,  anything  like  as  strong  as  the  original 
cohesion. 

If,  however,  attached  web  members  are  used,  there  is  no  necessity, 
as  far  as  strength  is  concerned,  for  any  concrete  below  the  hori- 
zontal reinforcement  at  all;  even  if  the  concrete  is  seriously  damaged 
as  high  up  as  the  neutral  axis,  the  floor  can  be  supported  by  shores, 
the  damaged  concrete  removed,  and  new  material  substituted  for  it; 
the  bond  between  the  new  and  the  old  material,  with  the  assistance 
derived  from  the  steel,  will  be  sufficient  to  hold  the  new  material  in 
place  so  that  it  can  protect  the  steel  against  fire  and  corrosion,  and 
resist  the  compressive  web  stresses,  quite  as  well  as  in  the  first  in- 
stance. In  other  words,  adequate  repairs  are  possible  without  com- 
plete renewal. 

To  summarize  the  advantages  of  attached  web  members  in  a  fire : 
The  concrete  surrounding  the  lower  bars,  being  free  from  severe 
shearing  stresses  due  to  the  longitudinal  stress  in  the  bars,  will  not 
fall  off  so  easily;  if  it  does  fall,  more  heat  will  be  required  to  produce 
collapse  or  fatal  deflections,  and  in  the  absence  of  these,  repairs  are 
possible;  whereas,  without  the  attached  web  members,  reconstruction 
is  necessary.  Unattached  web  members,  either  vertical  or  inclined, 
even  though  they  be  wrapped  around  the  main  bars,  will  not  suffice, 
for  they  cannot,  in  any  case,  transmit  longitudinal  stresses  into  the 
main  bars  except  through  the  concrete;  if  they  are  vertical,  and 
wrapped  around  the  main  bars,  this  mode  of  attachment  is  not  suf- 
ficient to  withstand  the  diagonal  thrust  due  to  compressive  web 
stresses  in  the  concrete.  Vertical  web  members,  thoroughly  at- 
tached to  the  main  bars,  without  depending  on  the  concrete,  would 
no  doubt  be  sufficient — ^the  composite  beam  being  analyzed,  in  this 
case,  as  a  Howe  truss;  but,  with  rigid  attachment,  it  is  just  as  easy 
to  use  inclined  web  members,  and  thus  locate  them  along  the  action 
lines  of  the  forces  they  are  intended  to  resist. 

It  has  been  objected,  to  the  use  of  attached  web  members,  that  it 
involves  the  use  of  patented  bars.  The  writer,  himself,  once  thought 
so,  but,  after  looking  into  the  state  of  the  art,  is  now  convinced  that 
the  principle  involved  is  not  patentable,  but  that  there  are  valid 
patents  on  ways  of  applying  it;  no  doubt  other  patents  could  be 
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secured,  on  new  methods  of  attaching  the  web  members,  should  any 
be  developed.  At  the  War  College,  there  being  no  patented  bar  on 
the  market  in  which  the  spacing  of  the  web  members  oould  be  varied 
in  accordance  with  the  actual  distribution  of  the  stresses,  the  writer 
used  rectangular  bars,  with  holes  drilled  from  the  solid,  along  the 
axis,'  at  intervals  depending  upon  the  distribution  of  the  t^isile 
web  stresses;  round  bars,  cut  to  a  length  slightly  greater  than  twice 
the  length  of  the  desired  web  member,  were  heated  in  the  middle, 
thrust  through  the  holes  above  described,  bent  up  on  either  side  at 
the  proper  angle,  then  hammered  down  on  the  flat  bars,  so  as  to  be 
upset  into  the  holes,  and  to  grip  the  flat  bars  sufliciently  hard  to 
enable  the  assembled  reinforcement  to  be  easily  handled  as  a  whole. 
Incidentally,  these  bars,  of  open-hearth  steel,  with  all  the  labor  in- 
volved, cost,  ready  to  set,  nearly  $15  per  ton  less  than  patented  bars 
which  would  not  have  met  the  requirements  as  to  the  distribution  of 
web  members.  Drawings  of  types  of  the  War  College  work  are 
shown  in  Figs.  5  and  6. 

A  point  ordinarily  of  vital  importance  in  the  practical  execution 
of  work  is  the  bond  between  the  floor  slab  and  the  part  of  a  beam  or 
girder  below  it.  It  almost  always  happens,  as  a  matter  of  con- 
venience and  economy  in  execution,  that  the  concrete  for  that  part 
of  the  beam  below  the  slab  is  flrst  deposited,  and  then  allowed  to  set 
for  quite  a  while — several  hours,  or  even  a  whole  day — ^before  the 
concrete  for  the  slab  is  deposited.  This  is  a  matter  of  secondary 
importance  if  properly  designed  and  rigidly  attached  diagonal  web 
members  are  used,  otherwise  it  is  one  of  serious  importance,  and 
fraught  with  great  danger.  There  is  good  reason  to  believe  that 
many  failures  in  practice  have  been  due  to  this  one  condition,  and 
that  many  structures  now  standing  would  fail  from  the  same  cause 
under  loads  only  slightly  greater  than  their  working  loads,  should 
they  ever  be  so  tested. 

In  this  connection,  it  may  also  be  pointed  out  that,  the  use  of 
attached  web  members,  extending  to  the  top  of  the  beam,  makes  it 
possible  to  adopt  a  concrete  for  all  parts  below  the  neutral  axis,  for 
its  flre-resisting  qualities  chiefly,  and  one  for  the  parts  above  the 
neutral  axis,  for  its  compressive  strength.  The  two  qualities  seem 
not  to  be  combined,  as  a  rule,  in  the  same  concrete.  Well-made 
cinder  or  clinker  concrete  is  much  more  flre-resisting  than  stone  or 
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gravel  concrete,  but  it  is  not  near);  as  etrong.  It  ia  more  than 
strong  enough,  however,  to  resist  all  compreeaive  web  streasea,  and 
this  is  the  onl;  Qecesaar;  structural  duty  of  the  concrete  below  the 
neutral  axis,  if  attached  web  members  are  used. 

If  the  writer's  deductions,  from  the  results  of  tests  and  the 
theoretical  study  of  the  subject,  as  parti;  outlined  In  this  paper, 
are  well  founded,  the  following  principles  may  be  stated,  including 
some  that  are  the  result  of  executing  reinforced  concrete  work  by 
hired  labor,  under  circumstances  demanding  the  utmost  economy. 

1. — In  designing  the  section  of  maximum  moment,  the  maximum 

bd 
economy,  in  dollars  and  cents,  will  result  when  A  ^-zri  if ,  by 
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Equations  1  to  5,  this  gives  too  much  steel,  then  the  maximum  al- 
lowable percentage  of  Equations  1  to  6  will  give  the  greatest  attain- 
able economy,  in  dollars  and  cents. 

2. — It  is  not  worth  while  to  consider  the  variations  in  the  ap- 
plied moment,  due  to  variations  in  d,  unless  extreme  accuracy  is 
desired,  or  unless  minimum  weight  is  desirable;  bat  an  allowance 
for  dead  load  must  be  included,  in  computing  the  value  of  M,  in 
any  case. 

3. — For  all  girders  and  beams— and  for  all  flat  slabs,  if  the  best 
results  are  sought — there  must  be,  in  addition  to  the  main  horizontal 
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reinforcement,  web  members,  arranged  along  the  lines  of  tensile 
web  stress,  and  rigidly  attached  to  the  horizontal  reinforcement; 
they  must  be  spaced  so  that  their  aggregate  area  of  cross-section 
will  increase  in  proportion  to  the  increase  in  the  total  web  stresses, 
as  the  abutments  are  approached;  some  web  members  should  be 
added  as  counterbraces,  according  to  circumstances. 

4. — The  adhesion,  or  bond,  of  that  portion  of  each  web  member 
traversing  the  compressed  part  of  the  concrete,  should  be  sufficient 
to  develop  the  strength  of  the  member,  and  the  attachment  of  the 
member  to  the  horizontal  reinforcement  should  be  equally  strong. 
Each  horizontal  bar  should  have  its  own  set  of  web  members. 
Mechanical  bond  should  be  used  in  the  upper  part  of  the  web  mem- 
bers, if  there  is  the  least  doubt  as  to  the  adhesion. 

5. — Cheap  and  easily  attached  clips,  forming  small  feet,  should 
be  used  to  hold  the  horizontal  bars  at  the  proper  distance  above  the 
centering ;  these  bars  should  be  of  rounded  section,  as  nearly  circular 
as  possible,  so  as  not  to  cause  unnecessary  shrinkage  stresses  in  the 
concrete,  and  so  that  the  wet  concrete  can  be  readily  made  to  flow 
under  them.  This  will  give  a  better  result,  at  less  expense,  than  the 
current  practice  of  depositing  first  a  thin  layer  of  concrete,  and  then 
bedding  the  steel  in  it. 

6. — As  reinforced  concrete  becomes  monolithic  in  setting,  the 
girders,  beams,  etc.,  will  act  as  continuous  girders,  whether  or  not 
that  is  desired  by  the  designer.  This  condition  might  as  well  be 
accepted,  and  reverse  reinforcement  used  at  the  proper  points,  to 
avoid  unsightly  and  often  dangerous  cracks,  if  for  no  other  reason. 
If  this  is  done,  it  is  entirely  permissible  to  reduce  the  bending 
moment  at  the  middle  section  very  materially,  thus  saving  some  steel 
in  the  main  reinforcement.  The  proper  distribution  of  web  members 
in  this  case  requires  special  attention. 

Possibly  the  writer's  conclusions  in  this  paper  may  not  be  upheld 
by  future  tests,  but  he  thinks  they  will;  practically,  no  well  con- 
sidered and  accurately  conducted  tests  have  been  made  with  a  special 
view  to  determining  the  points  discussed  herein.  The  writer  thinks 
they  are  at  least  worthy  of  experimental  determination,  and  has 
submitted  this  paper  mainly  in  the  hope  of  arousing  the  necessary 
interest  in  the  subject. 
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A  NEW  GRAVING  DOCK  AT  NAGASAKI,  JAPAN. 

Discussion.* 


By  Messrs.  E.  P.  Goodrich  and  M.  Otagawa. 


Mr.  Goodrich.  E.  P.  GOODRICH,  M.  Am.  Soc.  C.  E.  (by  letter). — This  paper  is 
of  interest  because  it  adds  another  to  the  international  collection  on 
this  subject  which  was  presented  before  the  St.  Louis  Engineering 
Congress. 

It  is  of  further  interest  because  it  shows  that»  in  almost  every 
item,  this  dock  has  been  designed  according  to  the  most  advanced 
engineering  knowledge. 

In  size  it  ranks  among  the  large  docks  of  the  world.  The  wide 
entrance,  approaching  the  100-ft.  standard,  toward  which  modem 
docks  seem  to  be  tending,  is  of  especial  interest.  The  depth  and 
length,  of  course,  cannot  be  curtailed  so  easily  when  a  dock  is  de- 
signed for  use  by  modem  shipping. 

The  endeavor  to  provide  impervious  concrete  is  of  interest,  be- 
cause of  the  effect  of  the  water  in  percolating  through  the  concrete 
and  disintegrating  it  to  a  perceptible  extent.  This  has  been  en- 
countered by  the  writer  in  the  construction  of  several  dock  walls. 
Especial  care  should  be  taken  with  regard  to  this  point,  and  the 
backs  of  walls  should  be  given  an  especially  impervious  coating  of 
mortar,  or  even  water-proofed  in  certain  locations.  With  the  use 
of  quartz  gravel,  the  only  material  which  is  subject  to  disintegration 
by  water  is  the  cement,  but  great  care  should  be  taken  even  with  this. 

*  This  discussion  (of  the  paper  by  Naoji  Shiraishi.  M.  Am.  Soc.  C.  E.,  priDted  In 
Proceedings  for  October,  1905),  is  printed  in  Proceedings  in  order  that  the  views  ez- 
pressed  may  be  brought  before  all  members  for  further  discussion. 

Communications  on  this  subject  reoelTed  prior  to  January  89th,  1906,  will  be  pub- 
lished subsequently. 


1 
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The  design  of  the  pump-house,  as  largely  a  subterranean  struc-  Mr.  Goodrich, 
tuie,  is  not  common,  though  two  of  this  kind*  were  built  at  the 
New  York  Navy  Yard  during  the  writer's  connection  with  it  as 
Civil  Engineer.     The  idea,  in  the  design  given  in  this  paper,  is 
identical  with  that  at  the  New  York  Navy  Yard. 

Only  three  docks  in  the  United  States,  as  far  as  the  writer  is 
aware,  are  founded  in  whole  or  in  part  on  rock,  viz.^  those  at  Hali- 
fax, Nova  Scotia;  San  Francisco,  Cal.  (for  the  San  Francisco  Dry 
Dock  Company),  and  at  Portsmouth,  N.  H. 

The  costs  of  these  three  docks,  for  comparison  with  the  Nagasaki 
dock,  were  as  follows : 

Location.  when  Length.  SPSn  ^^^ 

completed.  *^'  ""• 

Nagasaki 1905  722  ft.  34.    ft.  $700  000 

Halifax 1889  600  *'  30.     **  750  000 

San  Francisco 750  "  32.5  ''  474  000 

Portsmouth 1904  750  "  30.     ''  1  087  956 

It  is  of  further  interest  to  compare  with  these  the  cost  of  the 
celebrated  Toulon  dry  dock,  founded  on  caissons: 

Location.  when  Length.  SfSnV  Cost. 

completed.  **'  ""• 

Toulon 1898  584  ft.  30.7  ft.      $1  003  000 

The  unit  costs  of  the  various  items  of  work  on  the  Japanese 
dock  are  of  great  interest,  as  they  show  the  effect  of  the  cheap 
national  labor.  As  the  author  remarks,  it  would  hardly  seem  to 
have  been  economical  to  have  tried  to  introduce  machinery. 

M.  Otagawa,  M.  Am.  Soo.  C.  E.  (by  letter). — There  is  an  old  Mr.  otagawa 
Japanese  saying  that  the  light  from  a  light-house  reaches  to  a  dis- 
tance rather  than  to  its  base.  In  that  way,  the  writer  is  sorry  to  say 
that  he  is  not  familiar  with  the  new  graving  dock  at  Nagasaki,  built 
by  his  friend,  Dr.  Shiraishi,  in  fact,  he  has  not  seen  this  dock,  but 
has  seen  some  graving  docks  in  the  United  States.  Therefore,  not 
being  familiar  with  the  circumstances  under  which  this  dock  was 
built,  he  cannot  very  well  give  a  proper  criticism  as  to  its  design  and 
construction. 

As  to  the  cost  of  the  dock,  which,  in  spite  of  cheap  labor  in  Japan, 
amounted  to  1400  000  yen,  the  writer  believes  that  the  cost  would 
have  been  more  than  60%  less  if  it  had  been  built  10  years  earlier, 
or  prior  to  the  Chi  no- Japanese  War,  and  has  no  hesitation  in  saying 
that  the  Russo-Japanese  war  made  the  cost  still  higher. 

In  proportion  to  the  number  of  war  ships  and  merchant  steamers 

*  An  Interior  view  of  one  of  these,  together  with  discharge  data  of  the  pumps,  etc., 
will  be  found  in  Transactions^  Am.  Soc.  C.  E.,  Vol.  LI V,  Fart  F,  p.  4SISi  et  seq. 
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Mr.  otagawa.  in  Japanese  waters,  there  are  but  few  large  docks  in  the  Imperial 
Navy  Yards  and  in  commercial  ports,  and  Japan  is  managing  with 
fewer  hospitals  for  her  vessels  than  are  other  countries;  but  in  the 
near  future,  additional  docks  of  this  kind  must  be  built,  and  there- 
fore the  paper  will  be  specially  interesting  for  future  reference. 

As  to  the  question  of  the  use  of  modern  machinery  for  the  con- 
struction of  engineering  work  of  this  kind,  conditions  in  the  Orient 
differ  greatly  from  those  in  America,  where  contractors  have  proper 
labor-saving  machines.  In  Japan  it  takes  months  or  even  a  year  to 
import  and  learn  the  use  of  new  machinery. 

For  mining  works,  for  instance,  which  are  of  more  permanent 
character  than  those  for  this  kind  of  engineering  works,  new  ma- 
chines are  being  introduced  from  time  to  time  so  as  to  make  the 
workings  cheaper  and  at  the  same  time  more  rapid. 

As  to  the  use  of  puzzolana  in  concrete  blocks,  it  may  be  of  in- 
terest to  mention  that,  in  a  volcanic  country  like  Japan,  puzzolana 
is  found  in  many  parts  of  the  empire.  The  writer  had  opportunities 
of  using  this  natural  cement  in  several  engineering  works  with 
which  he  was  connected.  The  puzzolana  from  Goto  Islands,  referred 
to  by  the  author,  is  of  very  good  quality.  In  building  the  first  grav- 
ing dock  in  Japan,  in  the  Yokosuka  Navy  Yard  (near  the  landing 
place  of  Commander  Perry),  puzzolana  from  the  Province  of  Idzu 
was  used  and  was  satisfactory,  especially  in  the  early  sixties,  when 
the  manufacture  of  Portland  cement  was  not  known  in  Japan,  and 
imported  cement  was  both  very  expensive  and  very  rare. 
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MEMOIRS  OF  DECEASED  MEMBERS. 

NoTB.— Memoirs  will  be  reproduced  in  the  Volumes  of  TranMicHona.  Any  informa- 
tion which  will  amplify  the  records  as  here  printed,  or  correct  any  errors,  should  be 
forwarded  to  the  Secretary  prior  to  the  final  publication. 


DATID  MAXSON  GREENE,  M.  Am.  Soc.  €.  £.* 


Died  November  9th,  1905. 


David  Masson  Greene  was  bom  in  Brunswick,  Bensselaer  County, 
New  York,  on  July  8tli,  1832,  and  was  the  eldest  son  of  Joseph 
Langford  and  Susanna  Maxson  Greene.  His  father  was  a  native 
of  Berlin,  Rensselaer  County,  New  York,  and  a  descendant  of  Sur- 
geon John  Greene,  a  purchaser,  with  Boger  Williams,  of  Indian 
lands  at  Providence,  Bhode  Island.  The  Bev.  John  Maxson  was  a 
maternal  ancestor,  born  in  1638  at  Newport,  Rhode  Island,  the  first 
white  child  bom  in  the  Colony  of  Rhode  Island. 

In  1835,  his  parents  moved  to  Adams,  Jefferson  County,  where  he 
received  his  early  education  in  the  distriat  schools  and  at  Adams 
Seminary.  In  1850  he  entered  the  Rensselaer  Polytechnic  Insti- 
tute, where,  by  great  industry,  he  completed  a  three-year  course  in 
one  year,  being  graduated  in  1851  with  the  degree  of  Civil  Eng^ineer. 
He  was  an  instructor  at  the  Institute  during  the  following  year,  and, 
later,  was  appointed  a  subordinate  position  in  the  State  Engineer- 
ing Corps,  then  engaged  in  enlarging  the  Erie  Canal.  In  1853  he 
went  to  Ohio  and  was  engaged  on  a  survey  of  the  Cleveland,  Lorain 
and  Wheeling  Railroad.  The  following  spring  he  went  to  Indiana, 
where  he  had  charge  of  a  division  of  the  Logansport  and  Northern 
Indiana  Railroad.  He  was  obliged  to  return  East  in  the  fall  on  ac- 
count of  ill  health.  In  1855  he  was  api)ointed  an  Instructor  in  Rail- 
road Surveying  at  the  Rensselaer  Polytechnic  Institute,  and  was 
shortly  afterward  elected  Professor  of  Geodesy  and  Topographical 
Drawing.  In  the  spring  of  1856  he  was  sent  to  West  Point,  and  took 
a  special  course  in  topographical  engineering  under  General  Thomas 
H.  Neill. 

He  continued  to  hold  the  professorship  in  Troy  until  1861,  when 
he  applied  for  and  obtained  admission  to  the  United  States  Navy  at 
$750  a  year,  although  he  had  a  flattering  offer  of  many  times  that 
amount  from  the  Peruvian  Government.  He  was  attached  to  the 
United  States  Frigate  Susquehanna,  and  participated  in  the  attack 
and  capture  of  the  forts  at  Port  Royal  and  Hatteras  Inlet.  He  was 
engaged  in  blockade  duty  off  the  Atlantic  Coast  and  in  the  Gulf  of 
Mexico.  In  September,  1862,  he  was  detached  from  the  Susque^ 
hanna,  and  ordered  to  the  United  States  Academy  at  Newport,  Rhode 

*  Memoir  prepared  by  Franklin  A.  Hinds,  M.  Am.  Soc.  C.  E. 
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Island,  as  Assistant  Professor  of  Natural  and  Experimental  Phil- 
osophy and  Instructor  in  Steam  Engineering.  In  1865,  at  his  re- 
quest, he  was  detailed  for  duty  as  Assistant  to  the  Chief  of  the 
Bureau  of  Steam  Engineering,  in  the  Navy  Department,  at  Wash- 
ington, D.  C.  For  three  years  he  was  engaged  in  planning  and  con- 
ducting experiments  on  the  physics  of  steam,  and  early  in  1868  he 
was  appointed  a  member  of  the  Treasury  Commission  to  examine 
and  test  the  devices  for  determining  the  product  of  the  distiUeries 
of  the  country.  This  commission  came  to  be  known  as  the  '^iVhisky 
Commission."  In  the  spring  of  the  same  year  he  entered  the  service 
of  the  City  of  Albany,  as  Chief  Assistant  Engineer  in  charge  of 
surveys  for  the  extension  of  the  water-works.  In  February,  1869,  he 
was  detailed  as  First  Assistant  Engineer  in  charge  of  the  United 
States  Steamship  Narragansett,  for  a  cruise  in  the  West  Indies,  but 
yellow  fever  broke  out  in  May,  and  the  ship  was  sent  back  into 
northern  waters  and  detained  in  quarantine  at  the  Isle  of  Shoals, 
near  Portsmouth,  New  Hampshire,  for  two  weeks.  In  September, 
he  was  detailed  as  First  Assistant  Engrineer  in  charge  of  the  Frolic, 
the  Port  Admiral's  vessel,  in  New  York  Harbor.  He  reported  for 
duty,  and  at  the  same  time  tendered  his  resignation  from  the  naval 
service. 

He  then  returned  to  Troy  and  engaged  in  the  general  practice  of 
his  profession.  Early  in  1870  he  was  employed  to  examine  the 
Ottawa  River,  and  report  to  the  Canadian  Parliament  on  the  prob- 
able effect  of  the  sawdust  and  mill  refuse  discharged  by  lumbermen 
at  Ottawa.  In  1871  he  examined  plans  for  a  water  supply  for  the 
City  of  Troy,  and  advocated  the  pumping  system,  which,  after  a 
controversy  extending  over  several  years,  was  finally  adopted.  About 
this  time  he  was  elected  Engineer  of  the  New  York  State  Commis- 
sion to  test  devices  to  substitute  steam  for  animal  power  on  the 
canals.  In  January,  1874,  he  was  appointed  Engineer  in  charge 
of  the  Eastern  Division  of  the  State  Canals.  In  July  of  the  same 
year  he  was  appointed  Deputy  State  Engineer,  in  which  office  he 
continued  until  1877,  when  he  again  returned  to  Troy  and  resumed 
general  engineering  practice.  In  August,  1878,  he  was  elected 
Director  of  the  Rensselaer  Polytechnic  Institute,  a  position  which 
he  held  for  thirteen  years,  resigning  in  1891.  During  that  period 
he  was  engaged  in  a  general  engineering  practice  extending  through 
eleven  different  States,  the  District  of  Columbia  and  Canada.  In 
1879  and  1880,  he  was  Chief  Engineer  of  the  Troy  water-works  ex- 
tension. He  had  a  wide  experience  as  an  expert  witness  on  hydraulic 
and  steam  engineering  in  the  Courts.  He  was  a  School  Commia- 
sioner  of  Troy  from  1873  to  1876. 

He  was  the  author  of  the  following  books:  ''Notes  on  Steam 
Engineering''  (1886) ;  "Method  of  Laying  out  Easement  Curves  on 
Railroads"  (1891)  ;  "The  Fly  Wheel  as  a  Regulator"  (1890) ;  "Manu- 
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script  Notes  on  Majt  Projections,"  "Practical  HydrauKcs"  and  "Rail- 
road Notes  for  the  Use  of  Students." 

It  is  interesting  to  note  that  many  of  the  Japanese  students  in 
engineering,  who  were  graduated  from  the  Bensselaer  Polytechnic 
Institute  and  who  have  since  risen  to  places  of  importance  in  their 
own  country,  rememher  with  gratitude  their  associations  with  Pro- 
fessor Oreene^  and  have  personally  expressed  their  appreciation  when 
on  return  visits  to  this  country. 

Professor  Greene  was  a  Memher  of  the  American  Society  of 
Naval  Engineers,  the  New  England  Society  of  Naval  Eng^ineers, 
the  Society  of  Naval  Architects  and  Marine  Engineers,  the  Ameri- 
can Association  for  the  Advancement  of  Science,  the  International 
Association  of  Navigation,  a  Fellow  of  the  National  G^graphical 
Society,  a  Memher  of  the  Society  of  the  Founders  and  Patriots  of 
the  United  States,  Sons  of  the  American  Revolution,  Military  Order 
of  the  Loyal  Legion  of  the  United  States,  Naval  Order  of  the  United 
States,  Post  John  A.  Qriswold,  G.  A.  R.,  the  Army  and  Navy  Club  of 
New  York  City,  and  the  Ionic  Club  of  Troy;  he  was  also  a  Mason, 
of  the  82d  degree.  He  was  a  member  of  General  Joseph  B.  Carres 
staff,  with  the  rank  of  Colonel. 

He  was  married  at  Adams,  New  York,  January  31st,  1855,  to 
Maria  N.  Skinner,  a  daughter  of  the  late  Hon.  Calvin  Skinner,  of 
Adams,  who  still  survives  him.  His  home  in  Troy  was  at  41  First 
Street,  but  he  died  at  his  simmier  home,  in  Adams,  New  York,  on 
November  9th,  1906. 

Professor  Greene  was  essentially  an  engineer.  He  lived  in  an 
engineering  atmosphere,  his  mind  always  drifted  toward  scientific 
subjects,  and  he  kept  well  abreast  of  the  age  in  which  he  lived.  Im- 
patient of  carelessness  and  unfaithfulness,  his  name  became  a 
synonym  for  accuracy  and  reliability,  and  he  was  a  strict  disci- 
plinarian. He  possessed  a  strong  character,  was  a  scientific  worker, 
and,  among  his  ass3ciates,  a  genial  gentleman. 

David  Maxson  Greene  was  elected  a  Member  of  the  American 
Society  of  Civil  Engineers  on  May  20th,  1868. 
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ARCHER  COCHRAN  STITES,  M.  Am.  Soc.  C.  £.* 


Died  August  27th,  1906. 


Archer  Cochran  Stites  was  bom  at  MSddleton,  Delaware,  on  April 
22d,  1863,  and  resided  there  until  the  autumn  of  1883,  when  he  en- 
tered the  class  of  '87  at  the  Rensselaer  Polytechnic  Institute,  of 
Troy,  New  York.  He  was  graduated  with  his  class  in  June,  1887, 
and  went  at  once  to  E^ansas  City,  Missouri,  to  enter  the  employ  of 
Mr.  John  W.  Nier,  hydraulic  and  mechanical  engineer. 

After  spending  a  few  months  in  Mr.  Nier's  office,  he  entered 
that  of  J.  A.  L.  Waddell,  M.  Am.  Soc.  C.  E.,  who  was  then  repre- 
senting The  PhoBnix  Bridge  Company  and  the  Phoenix  Iron  Com- 
pany in  that  portion  of  the  United  States  lying  west  of  the  Missis- 
sippi River,  and  at  the  same  time  was  establishing  a  practice  as 
Consulting  Bridge  Engineer.  Mr.  Stites  remained  in  this  position 
for  more  than  four  years,  or  until  the  summer  of  1892,  when  Mr. 
Waddell  resigned  both  agencies  and  suggested  Mr.  Stites  as  his 
successor,  his  suggestion  being  accepted.  Mr.  Stites'  first  duty  in 
this  new  position  was  to  settle  the  unfinished  business  relating  to 
the  completion  of  the  Elevated  Railroad  in  St.  Louis,  which  The 
PhoBuix  Bridge  Company  had  built  for  the  St.  Louis  Terminal 
Railroad  Association.  In  the  autumn  of  1892  he  settled  in  Chicago, 
where  for  nine  years  he  represented  very  successfully  The  Phfleniz 
Bridge  Company  and  The  Phcenix  Iron  Company. 

At  the  time  he  took  this  new  position,  the  modem  office  building, 
with  its  heavy  metal  framework,  was  just  beginning  to  be  developed, 
and  a  number  of  important  structures  of  this  tyx)e  were  soon  built. 
There  were  also  then  several  large  bridge  projects  under  considera- 
tion. Mr.  Stites  secured,  for  the  companies  he  represented,  a  num- 
ber of  these  important  structures,  and,  by  his  conduct  of  the  busi- 
ness involved,  fully  established  the  standing  of  these  companies  in 
Chicago  and  the  West. 

In  1901  he  resigned  these  agencies  in  order  to  enter  the  employ 
of  Joseph  T.  Ryerson  and  Son,  and  to  inaugurate  for  them  an  en- 
gineering department  with  special  reference  to  structural  steel 
work.  For  two  years  he  labored  unceasingly  on  this  work;  but  in 
'  September,  1903,  his  health  failed,  and  he  was  forced  to  go  to  Ashe- 
ville,  North  Carolina,  to  recuperate.  From  Asheville  he  went  to 
various  other  places  in  the  South,  reaching  Covington,  Louisiana, 
in  December,  1904. 

The  plans  evolved  by  Mr.  Stites  for  Joseph  T.  Ryerson  and  Son, 
which  were  on  an  unusually  large  scale,  have  been  successfully 
carried  out  since  he  left  their  employ. 

*  Memoir  prepared  bv  J.  A.  L.  Waddell,  John  Sterling  Deans,  Members,  Am.  Soc.  C 
E.,  and  J.  V.  Norcross,  Tsaq. 
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His  health  improved  so  materially  at  Covingrton  that  he  ar- 
ranged to  re-enter  husiness,  with  headquarters  at  New  Orleans, 
Louisana,  but  he  was  stricken  suddenly  with  malarial  fever,  and 
on  August  27th,  1906,  he  died  at  Monteagle,  Tennessee. 

Mr.  Stites'  acquaintance  throughout  the  Middle  West  was  un- 
usually large,  for  he  made  lasting  friendships  easily.  His  genial, 
kindly  nature,  overflowing  with  good  fellowship,  demanded  contact 
with  his  fellows  at  many  points,  and  make  him  universally  popular. 
This  characteristic,  so  attractive  to  his  many  friends,  was  enhanced 
in  his  home,  where  he  was  a  most  loving  husband  and  father. 

He  represented,  to  an  eminent  degree,  a  type  of  engineer  that 
has  been  generally  recognized  only  of  late  years,  viz,,  the  Com- 
mercial Engineer.  While  his  education  and  early  practice  were 
entirely  professional,  he  soon  evinced  a  decided  preference  for  the 
business  side  of  engineering,  and,  during  the.  latter  half  of  the  four 
or  ^Ye  years  that  he  spent  with  Mr.  Waddell,  a  large  portion  of  the 
business  of  the  oiRce  fell  to  his  lot.  Since  1892  his  experience  had 
been  mainly  in  the  line  of  commercial  engineering,  and  in  it  he  was 
eminently  successful.  Had  his  health  held  out,  and  had  he  lived  to 
old  age,  he  undoubtedly  would  have  become  a  financier  of  recognized 
standing. 

In  1892  Mr.  Stites  married  Miss  Louise  Sells,  daughter  of  the 
late  Mr.  Luke  Sells,  of  St.  Louis.  Three  children  were  bom  of  the 
marriage,  all  of  whom  are  living. 

Mr.  Stites  was  elected  a  Junior  of  the  American  Society  of  Civil 
Engineers  on  December  3d,  1890,  an  Associate  Member  on  November 
4th,  1891,  and  a  Member  on  May  6th,  1896.  He  was  also  a  Member 
of  the  Technical  Club  of  Chicago,  and  at  one  time  served  as  its 
Secretary. ' 

JOHN  WALKER  BARBIGER,  Jr.,  Assoc  M.  Anu  Soc.  €.  E.* 


Died  December  19th^  1902. 


John  Walker  Barriger,  Jr.,  was  bom  in  Washington,  D.  C,  on 
July  20th,  1874.  He  was  the  third  son  of  General  John  Walker 
Barriger,  of  the  United  States  Army,  and  Sarah  Frances  Wright 
Barriger,  and  was  descended  from  a  distinguished  revolutionary 
ancestry. 

His  early  education  was  conducted  in  the  schools  established  at 
the  various  posts  where  his  father  was  stationed.  Later,  he  at- 
tended the  High  School  of  St.  Louis  and  Washington  University. 

In  the  early  autumn  of  1894,  when  the  Terminal  Kailroad  Asso- 
ciation, of  St.  Louis,  was  building  the  new  Union  Station,  involving 

*  Memoir  prepared  from  papers  on  file  at  the  House  of  the  Society. 
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elevated  railroad  construction  and  bridge  work,  he  was  employed  as 
Assistant  to  the  Kesident  Engineer  on  this  work,  as  well  as  on  field 
work  and  maintenance  of  way. 

In  December,  1895,  he  was  with  a  party  on  the  preliminary  and 
location  surveys  for  the  Kansas  City,  Pittsburg  and  Gulf  Railroad, 
through  Louisiana,  as  rodman,  office  man  and  compiler  of  estimates. 

On  the  completion  of  this  survey  he  returned  to  St.  Louis  and 
resumed  the  study  of  engineering,  in  order  to  equip  himself  more 
thoroughly  for  professional  work.  During  this  period  he  also  under- 
took land  line  work  in  the  vicinity  of  St.  Louis. 

On  the  completion  of  his  studies,  in  April,  1897,  Mr.  Barriger  re- 
turned to  work  in  the  field,  and  was  Assistant  to  the  Engineer  in 
charge  of  the  Texas  Division  of  the  St.  I^ouis  Southwestern  Rail- 
way, with  headquarters  at  Texarkana,  Texas. 

In  May,  1898,  he  became  Assistant  Engineer,  and  was  put  in 
responsible  charge  of  maintenance  of  way,  with  an  office  in  Tyler, 
Texas.  This  position  he  held  until  December,  1899.  He  then  went 
to  Kansas  City  as  Engineer  in  the  office  of  E.  Holbrook,  M.  Am. 
Soc.  C.  E.,  Chief  Engineer  of  the  Kansas  City,  Pittsburg  and  Gulf 
Railroad  (later  the  Kansas  City  Southern  Railway),  and  had  charge 
of  the  estimates  for  track,  bridge  and  building  work,  also  masonry 
construction. 

In  this  office  he  had  many  and  various  duties,  as  many  improve- 
ments in  the  road  were  being  made. 

In  March,  1902,  he  resigned  this  position  to  accept  one  of  greater 
responsibility,  entering  the  employ  of  the  St.  Louis,  Memphis  and 
Southeastern  Railroad  as  Bridge  Engineer.  His  duties  were  the 
supervision  of  the  checking  of  stresses  in  the  bridges  to  be  erected, 
and  the  examination  and  approval  of  bridge  plans.  He  also  had 
charge  of  erection. 

Mr.  Barriger's  professional  associates  esteemed  him  as  a  man,  and 
recognized,  in  his  steady  advance  to  positions  of  increasing  respon- 
sibility,  the  thoroughness  and  quality  of  his  work.  He  was  an  ac- 
curate and  skilful  draftsman,  and  this  talent  was  by  no  means  con- 
fined to  engineering,  for  he  had  a  keen  appreciation  of  art. 

His  personal  character  was  unselfish,  and  he  was  always  kindly 
and  considerate  for  others. 

He  met  his  death  at  the  hands  of  a  man  whom  he  had  befriended. 

In  1899  he  was  married  to  Miss  Edith  Beck,  of  St.  Louis,  who, 
with  one  son,  survives  him. 

Mr.  Barriger  was  elected  a  Junior  of  the  American  Society  of 
Civil  Engineers  on  May  31st,  1898,  and  an  Associate  Member  on 
April  2d,  1902. 
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TAN  DUSEN  HITE-SMITH,  Assoc.  M.  Am.  Soc.  G.  E.* 


Died  August  27th,  1906. 


Van  Dusen  Hi te- Smith  was  bom  on  August  4th,  1874,  at  Louis- 
ville, Kentucky,  and  belonged  to  one  of  the  oldest  families  of  New 
Albany  and  Madison,  Indiana. 

When  he  was  fourteen  years  of  age  his  father  failed  in  business, 
and  it  became  necessary  for  him  to  strike  out  for  himself,  and  this 
he  did,  with  the  courage  of  a  man  of  mature  years. 

His  first  work  was  as  a  chainman  on  surveys  for  the  Union  Kail- 
.  road,  of  Chattanooga,  on  which  he  remained  for  three  months.  From 
October,  1888,  to  April,  1893,  he  was  engaged  with  Messrs.  Guild 
and  White,  Engineers,  of  Chattanooga,  Tennessee,  in  successive 
grades  from  Hodman  to  Eesident  Engineer.  From  May  to  De- 
cember, 1893,  he  was  engaged  with  the  United  States  Engineer 
Corps  on  the  improvements  of  the  Tennessee  River.  He  then  re- 
turned to  !\ressrs.  Guild  and  White,  and  was  engaged  as  Assistant 
Engineer  on  surveys  of  the   Lookout  Mountain   Incline,  the  JStna 

Coal  Mines,  and  on  railroad  and  municipal  work.  In  1894  he 
superintended  the  construction  of  water-works  at  Cynthiana  and 
at  Morganfield,  Kentucky. 

Late  in  1893  he  purchased  a  limestone  rock  quarry  from  which 
he  shipped  fluxing  material  to  the  Citico  Furnace  at  Chattanooga. 

Realizing  his  need  of  a  thorough  education,  Mr.  Hite-Smith  en- 
tered the  University  of  Tennessee  in  1896,  and  in  1897  was  gradu- 
ated with  honors,  being  not  only  the  first  man  in  his  class,  but  the 
only  man  who  ever  took  the  engineering  course  in  that  university  in 
two  years. 

After  graduation  he  was  employed  by  Messrs.  Guild  and  White 
in  the  construction  of  water- works  at  Chester  and  Union,  South 
Carolina. 

In  July,  1898,  he  was  engaged  by  the  Standard  Boiler  and 
Bridge  Company,  of  Bellaire,  Ohio,  in  the  construction  of  water- 
works at  Sharpsville,  Pennsylvania;  and  in  September,  1898,  he  took 
a  contract  for  the  construction  of  water-works  and  a  sewerage  plant 
at  Pocomoke  City,  Maryland.  Following  this  he  was  connected 
with  the  construction  of  water-works  at  St.  Petersburg  and  West 
Tampa,  Florida. 

In  April,  1900,  he  formed  a  partnership  with  Mr.  Frederic  Min- 
shall,  under  the  firm  name  Hite-Smith  and  Minshall,  Civil  and 
Sanitary  Engineers,  and  up  to  the  time  of  his  death  was  engaged 
as  Consulting  Engineer  or  in  the  construction  of  a  number  of  water- 
works and  sewerage  systems  in  the  South. 

*  Memoir  prepared  from  papers  on  file  at  the  Houae  of  the  Society. 
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Mr.  Hite-Smith  accomplished  more  than  is  often  done  in  so 
short  a  life.  He  was  a  man  of  great  physical  strength  and  mental 
vigor  and  did  not  spare  himself  in  his  attempts  to  surmount  every 
obstacle.  The  great  tax  which  he  placed  upon  his  body  and  mind 
is  thought  to  have  been  the  cause  of  his  breakdown  and  death,  which 
occurred  at  his  home  in  Knoxville  on  August  27th,  1905. 

Mr.  Hite-Smith  was  elected  an  Associate  Member  of  the  Ameri- 
can Society  of  Civil  Engineers  on  April  30th,  1901. 


